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THE STING NEMATODE, BELONOLAIMUS GRACILIS, A PARASITE OF 
MAJOR IMPORTANCE ON STRAWBERRIES, CELERY, AND 


SWEET CORN IN FLORIDA! 


J. R. Christie, A. N. Brooks. and V. G. Perry ” 


Several soil-inhabiting nematodes other than Meloi- 
dogyne spp. (the root-knot nematodes) cause exten- 
sive damage to field crops in Florida and of these the 
sting nematode, Belonolaimus gracilis Steiner, 1949, 
and a stubby-root nematode, Trichedorus sp., prob- 
ably are of greatest importance from the standpoint of 
crop losses. A brief account of Trichodorus sp. and 
of the injury it causes to certain vegetable crops has 
been published.* The present paper deals with B. 
gracilis. 

The sting nematode injures several different field 
crops in Florida and has become a pest of major im- 
portance on strawberries (Fragaria hybrids) in the 
region of Plant City* and on celery (Apium graveolens 
var. dulce (Mill.) (Zea mays 
L.) in the region of Sanford. 


no evidence has been obtained that any nematode other 


Pers. ) and sweet corn 
In the Plant City area 


than B. gracilis inflicts serious injury on the roots of 
strawberry plants. In the Sanford area. on the other 
hand, celery, sweet corn, and probably certain other 
crops may be severely injured by the simultaneous at- 
tacks of both B. gracilis and Trichodorus sp. During 
the 1950-1951 season, at least one field of celery was 
seriously injured by still another nematode, Dolicho- 
dorus heterocephalus Cobb, 1914, the awl nematode. 
Symptoms.—The disease caused by the sting nema- 
tode tends to occur in more or less definite areas where 
the plants fail to grow normally. A field may have 
only a few such areas, or the areas may increase in 
size and number until nearly all the land is involved. 
Plants growing on these affected areas usually are 
stunted, sometimes very severely. Celery may stand 
throughout the entire growing season and not grow 
much larger than when transplanted, although very 
few plants are killed. 
than a foot high. The effect on 
both 
brown, then gradually the entire leaf. 


older leaves die first the plant gradually 


Corn will tassel out when less 
strawberries is to 
Leaf 


Since the outer, 


cause stunting and decline. edges turn 
decreases 
in size and eventually may be killed. 


Abnormalities of root growth are caused. in part. by 


1 Accepted for publication November 27, 1951. 
Nematologist, Division of Nema- 
Industry, Soils, and Agricultural 
Engineering, 1). S. Department of Agriculture; Plant Pa 
thologist, Florida Agricultural Experiment Station, Uni- 
versity of Florida: and Agent (Nematologist), Division of 
Nematology, Bureau of Plant Industry, Soils, and Agricul 
tural Engineering, U. S. Department of Agriculture. 

3 Christie, J. R., and V. G. Perry. A root disease of plants 
caused by a nematode of the genus Trichodorus. Science 
113: 491-493. 1951. 

4 Brooks, A. N., and J. R. Christie. A nematode attack 
ing strawberry Proc. Fla. State Hort. Soc. 1950: 
123-125. 1950. 


* Respectively, Senior 
tology, Bureau of Plant 


roots, 
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injury inflicted at the root tips and this may result in 
the development of short stubby branches. In addi- 
tion, necrotic lesions may be produced along the sides 
When the land is heavily infested all 


the roots produced by celery plants are likely to be 


of the roots. 


in the upper two inches of soil where the fewest nema- 
This inability of plants to get their roots 
down into the soil is a condition well known to celery 


todes occur. 


growers in the Sanford area. 

When 
nematode injury to the roots, the foliage frequently 
entire leaf 


sweet corn is severely stunted because of 


turns yellow. Sometimes the becomes 
yellow but more often the veins remain green, giving 
the leaf a striped appearance. In the Sanford area 
most of the sweet corn that sustains nematode injury 
develops this chlorotic condition although in an occa- 
sional field severely stunted plants may remain a nor- 
mal green. Stunted celery does not show this symptom 
to the same extent as corn and, in the Plant City area, 
nematode-infested plants rarely become 


This condition is not a manifestation of 


strawberry 
chlorotic. 
general starvation but a definite symptom of deficiency, 
perhaps of iron. The normal green has been restored, 
in some cases at least, by spraying the foliage with 
ferrous sulfate. 

In several instances when plants were growing in 
nematode-infested soil under experimental conditions, 
the foliage of corn and of strawberries developed 
this chlorosis whereas control plants, growing under 
identical conditions except for the absence of nema- 
todes, remained normal in color. Apparently, when 
the plants are growing in soil in which some essential 
element is available in limited amount, nema- 


tode injury to the roots may cause, indirectly, the 


very 
appearance of deficiency symptoms on the foliage. 
When its root system is healthy and fully developed 
a plant can obtain this essential element in the amount 
required for normal growth, but such is not the case 
when the root system has been depleted and its func- 
tion impaired by nematode injury. 

THE CAUSAL ORGANISM.—Belonolaimus gracilis was 
observed attacking the roots of slash and longleaf 
pine seedlings (Pinus caribaea Morelet and P. palus- 
tris Mill.) in nurseries at Ocala, Brooksville, and 
Valparaiso in Florida. The species was named by 
Steiner’ (1949), who based his description on speci- 
mens collected from slash pine seedlings at Ocala. 
Owens" reported that during the growing season of 


5 Steiner, G. Plant nematodes the grower should know. 
Proc. Soil. Sci. Soc, Fla. 1942, IV-B: 72-117. 1949, 
® Owens, John V. The pathological effects of Belonolai- 


mus gracilis on peanuts in Virginia. (Abstr.) Phytopath. 
11: 29, 1951. 
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1950, B. gracilis caused serious damage to peanuts 
(Arachis hypogaea L.) and also attacked corn. cotton 
(Gossypium), and soybean (Glycine max Merr.) in 
the vicinity of Holland, Virginia 

B. gracilis is a large, slender nematode. fully grown 


) 


specimens sometimes attaining a length of nearly 3 


mm. The stylet is exceptionally long and the nema- 
todes feed at the root tips and along the sides of the 
speci- 


roots, mostly from the outside. Occasionally 


mens, usually young individuals. are found within the 


root tissues. 


The degree to which the growth of a plant has been 


affected and the number of sting nematodes found 


around its roots are not closely correlated. In gen- 
eral. fewer nematodes are likely to be found around 


a plant that has few living roots than around one 


that is in a more healthy condition. A one-pint sam- 
ple of soil was taken from the rhizosphere of each of 
30 strawberry plants, and by a procedure of sieving 
and the use of the Baermann technic the string nema- 
todes were removed and counted. These plants were 
in the fields of six different growers in the Plant City 
area and in each field the disease caused by the sting 


nematode was prevalent. Half of the plants were 


selected as being more or less healthy and the other 
half as being obviously diseased. The nematode 


counts for the healthy plants varied from 0 (for six 
plants) to 109, with an average of 29 per sample. 
The counts for the diseased plants varied from 5 to 
161, with an average of 50 per sample. It seems 
probable that at some time the nematodes had occur- 
red around the roots of the diseased plants in greater 
numbers than these counts indicate. However, such 
figures are comparative and do not include all the 
sting nematodes that the samples contained. Some 
are lost in the sieving operation and some do not 
Very 
are difficult to identify under the magnification used in 


counting and are not likely to be 


come through the funnels. young specimens 


included. 

Soil samples from around the roots of affected celery 
plants usually yield B. gracilis in larger numbers than 
\pparently straw- 


samples from strawberry plants 


berry plants do not support so large a population of 
sting nematodes as do celery 


fc vod 


are severely injured by this parasite and do not pro- 


plants because lack of 


becomes a limiting factor. Strawberry plants 


duce new roots. on which the nematodes can feed. so 


persistently and so prodigiously as do celery plants. 


EXPERIMENTS.—Preliminary observations indicated 


that this disease of strawberries was caused by an 
organism which. in all probability, was a nematod: 
and not a fungus. After their roots had been washed 
and they had been reset in nematode-free soil. affected 
made 


plants recovered, produced healthy roots, and 


normal growth. Furthermore. the disease was con- 


trolled by soil fumigants that. at the most. were only 


slightly fungicidal. In several instances a dichloro- 
propene fumigant (D-D) was injected into the soil 
around the roots of living plants affected with the 


disease. 


When the soil was moderately dry the plants 
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treatment without serious injury and, 


thereafter, made conspicuously more vigorous growth 


survived the 
than did similar untreated plants. Numerous sam- 
ples, including both roots and surrounding soil, were 
taken from several fields. An examination of these 
samples revealed the presence of various nematodes 
including one of the meadow nematodes. Pratylenchus 
sp. At first this nematode was suspected of being 
the cause of the trouble but further examinations dis- 
closed that Pratylenchus sp. was present only occasion- 
ally and in small numbers whereas Belonolaimus 
gracilis was present consistently and often in large 
numbers. 

Assuming that the sting nematode was the cause of 
the trouble. experiments were undertaken to produce 
controlled condi- 


the disease experimentally under 


tions. The soil used was fumigated in a tight box 
with chloropicrin applied at the rate of about 5 ce. 
per cu. ft. The soil remained in the box with the 
cover in place for at least 2 weeks, after which it was 
aerated. The nematodes were collected from around 
the roots of affected celery plants and were removed 
from the soil by a procedure that combined decanting, 
sieving. and the Baermann technic. The specimens, 
as drawn from the funnels, were in clear water and 
were relatively free from debris. 

For small-scale experiments in 6-in. pots, several 
hundred specimens of B. gracilis were removed _ in- 
dividually with a bamboo pick. assembled in a few 
drops of water, and, with a dropper pipette. trans- 


ferred to the soil in which the test plant was to be 


grown. For experiments in greenhouse flats, where 
larger numbers of plants were grown, the entire 


“catch.” just as it came from the funnels, was used to 


infest the soil. In this case the nematodes were col- 
lected 


abundant but where other plant parasitic species were 


from a source where sting nematodes were 


absent or very few in number. A partial segregation 
Beacuse B. 


gracilis is a large nematode. most of the fully-grown 


was made by using an 80-mesh sieve. 
specimens are caught on such a sieve whereas many 
of the smaller forms. including Trichodorus sp., pass 
through. By the use of these procedures the num- 
ber of nematodes other than B. gracilis was reduced 
to a minimum and was made up almost exclusively 
of saprophagous species and a few predators. 

Eight hundred and fifty “picked” specimens of the 
sting nematode, placed in the soil at the time the 


seed was planted. were sufficient to stunt a corn 
seedling severely. The difference between the test 


plant and the control became obvious almost as soon 
as the seedling emerged, and became _ progressively 
more pronounced as the control plant increased in 
size (Fig. 1). 

About 200 picked specimens failed to stunt a small 
celery plant when placed around its roots at the time 


When 


later the roots of the test plant showed moderate but 


of transplanting. examined about 2 months 
distinct injury whereas the roots of the control plant 


showed none. 
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Fic. 1. Sweet corn seedlings and their root systems, 
photographed 3 weeks after seeds were planted. Left, in 
soil infested, when seeds were planted, with 850 “picked” 
specimens of Belonolaimus gracilis. Right. control plant. 


For the experiments with celery in flats. small trans- 
plants were used which had been grown in fumigated 
soil. The flats were 16 by 12 by 5% in. and each 
held I, cu. tt. of 


: 
flat and mixed nematodes 


soil. Six plants were set in each 
again largely B. gracilis 
were placed around the roots of each 
time of The 
counted nor could their number be estimated accurate- 
ly. but probably not less than 1000 sting nematodes 
of various ages were placed around each plant. Twelve 
plants. divided flats. 


stunted; the control plants grew normally 


plant at the 


transplanting. nematodes were not 


severely 
(Fig. 2). 
The plants in the infested soil had abnormalities of 
root: growth that same in all 
those on field-grown plants whose condition had been 
attributed to 


between two were all 


were the respects as 


injury by this parasite. Incidentally. 
the awl nematode, Dolichodorus heterocephalus, when 
tested in this same manner, injured the roots of celery 


plants almost as severely as did the sting nematode. 
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Another experiment was made, identical with the 
one described that strawberry 
used. These plants had not been grown in 
fumigated soil but were obtained from a nursery. All 
of the twelve plants that grew in the experimentally 
infested soil developed the same kind of symptoms, 
both of foliage and of roots. that are found on field- 
grown plants where the sting nematode is present 
(Fig. 3). The foliage of some of the test 
became conspicuously 


above except plants 


were 


plants 
yellow, a condition not ordi- 
narily found associated with nematode injury in the 
Plant City area. All the control plants made fairly 
growth, the remained a_ normal 


green, and neither roots nor foliage developed any of 


vigorous leaves 
the symptoms of nematode injury that were so pro- 
nounced on the plants that grew in infested soil. 
The procedures described have been criticized as 
providing no proof that the injury to the test plants 
may not have been caused by fungi. bacteria. or some 
No method has been 
devised by the writers whereby one can obtain living 


organism other than nematodes. 


nematodes in the numbers required without including 
While it 


may be impossible to obtain nematodes free from con- 


with them other microorganisms of the soil. 


organisms, it is neither impossible nor 
difficult to 


free from nematodes. 


taminating 


especially obtain these same organisms 


One can remove the nematodes 





Celery 


) a plants and their root photo 
graphed 16 wk. after plants were set. Left, in soil infested, 
when plants were set, with a mixture of nematodes in 
which the sting nematode predominated and no other 
plant-parasitic nematodes were included. Roots are pro- 
duced near the surface when plants grow in infested soil. 
Right, in noninfested soil. 


systems, 
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Strawberry plants and their root systems, photo 
Left, in soil in 


Fig. 3. 
graphed 16 wk. after 
fested, when plants were set, with a mixture of nematodes 
in which the sting predominated and no other 
plant-parasitic nematodes were Right, control 
plants. On plant at lower left, new roots that developed 


plants were set. 


nematode 
included. 


after the plant was set were short, many of them with 

short, stubby branches, because of tip injury. Most of 

the long roots were present at time of transplanting. 

from the water in which they are suspended when 

drawn from the funnels and this fluid can be placed 
I 


around the roots of the control plants or around the 
roots of a third set of plants provided for the purpose. 
This additional operation was not performed for all 
the experiments, but it has been tried repeatedly in 
the course of our investigation of the sting nematode 
habits. 


organisms. 


and of other plant-parasitic species of similar 


In no instance have these contaminating 


when added to the soil in this manner, had any recog- 


nizable effect on the growth of the plants nor have 


they caused any appreciable injury to the roots. These 


results are cited. not as constituting evidence that 
none of the contaminating organisms were plant 
pathogens, but as providing reasonably convincing 
proof that. under the conditions of the experiments. 
the injury to the plants was caused by the nematodes 


and that the contaminating organisms. whatever they 
causing this 


W hen 


large quantity of water 


may have been, did not contribute in 


injury to any appreciable extent. nematodes 


are removed from the soil. th 
used in the decanting and sieving operation eliminates 


a major portion of the organisms that are smaller 
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than nematodes, and those remaining are not likely to 
constitute a very potent inoculum. 

DISTRIBUTION AND CROPS AFFECTED.—Belcnolaimus 
gracilis is known to occur in Manatee, Hillsboro, Polk, 
Hardee. Seminole. St. Johns. Marion, Hernando. and 
Okaloosa counties in Florida and in 


County in Virginia. Its occurrence in two such wide- 


Nansemond 


ly separated regions as Florida and Virginia suggests 
that this nematode is widespread in the southeastern 
United States. 

In addition to celery, corn, cotton, peanut, pine seed- 
lings. soybean. and strawberry, which have already 
been mentioned. the sting nematode is known to feed 


on the roots of bean (Phaseolus vulgaris L.). beet 
(Beta vulgaris L.), and cowpea (Vigna sinensis 


Endl.). The nematode has been found under condi- 
tions indicating that it feeds also on the roots of crab- 
grass (Digitaria sp.). The most serious injury to 
crops that has been observed up to the present time 
appears to have occurred on celery. corn, peanut, and 
strawberry. In the Sanford area the roots of pepper 
(Capsicum frutescens L.) may be very seriously in- 
jured by nematodes and it seems probable that B. 
gracilis is involved. but the situation on this crop 
has not been fully investigated. Cabbage (Brassica 
cauliflower (B. oleracea 


sativa L.), and 


oleracea var. capitata L.), 
var. botrytis L.). lettuce 
endive (Cichorium endivia L.) are grown to some ex- 


(Lactuca 


tent in the Sanford area where much of the land is in- 
fested with the sting nematode, but these crops do not 
this pest. The 
growth of cabbage and cauliflower may be affected 
considerably by nematode injury, but on these plants 


appear to be seriously affected by 


Trichodorus sp. seems to be the species involved. 


PossiIgLE CONTROL MEASURES.—Rotating crops, using 


resistant and other cultural practices 


are possible methods of control that seem to merit 
Field observations indicate that, in the 


cover crops, 
investigation. 
absence of suitable plants. the sting nematode will 
not persist in the soil for a long period. but no infor- 
mation is available as to precisely how long it will 
persist under such a condition. The extent to which 
a crop is damaged depends, to a considerable degree, 
on the kind of vegetation that has been growing on the 
In Florida the use of suitable sum- 
crops may go far in reducing the damage 
What cover crops 
to be 


land previously. 
mer cover 
on the vegetable crops that follow. 
may suitable for this remains 


prove purpose 


determined. 
The sting nematode can be controlled effectively by 
soil fumigation. In-the-row application of soil fumi- 


gants by growers has given satisfactory control on 
strawberries in the Plant City area and “solid” appli- 
cation. when properly done. has proven effective on 


both celery and sweet corn in the Sanford area. 


UL. S. DEPARTMENT OF AGRICULTURE 
AND 
FLrorma AGRICULTURAL EXPERIMENT STATION 


GAINESVILLE, FLORIDA 








PRODUCTION OF STEM-RUST SORI ON ALBINO BARLEY ! 


Y. S. Wu? 


In view of the present interest in research in photo- 
synthesis and the culture of obligate fungus parasites 
on artificial media, the production of sori of stem rust 
(Puccinia graminis tritici Erikss. & Henn.) on albino 
barley is worth recording. Mains (2), working with 
maize rust, found that “albino segregates often are 
as highly susceptible as normal green plants.” How- 
ever, Smith (3) has shown that albino maize seedlings 
contain a very small amount of chlorophyll. In the 
present study a small sample of albino barley leaves, 
on being tested for chlorophyll content by spectropho- 
tometrical and chromatographical methods, failed to 
show any trace of chlorophyll. 

All experiments were in the greenhouse except one 
which was performed in darkness. A strain of varie- 
gated barley (1) was used, which on selfing produces 
a progeny of which approximately 90 per cent are 
albino. Although albino barley can grow to the two- 
leaf stage in about 2 weeks or until the stored food 
has been exhausted, this period is not long enough 
for rust study because the incubation of rust is about 


10 to 14 days. All subsequent references to albino 


plants in this paper. unless otherwise specified, are 


intended to mean albinos supplied with a sucrose 
solution as described by Spoehr (4). 

CULTURE OF ALBINO BARLEY.—The albinos were 
either a slight cream-yellow or pure white. Several 
plants were white in the first- and second-leaf stages, 
but in the third-leaf turned variegated, striped, or 
green after a feeding with 10 per cent sucrose solu- 
tion. Those plants which did not change color at the 
third-leaf stage remained white. The albinos usually 
produced four to six culms. One of the albino plants 
had more than 20 culms, as shown in figure 1, A. 
Generally, the albino plants had 10 to 15 leaves, some 
even more. Green and variegated plants which were 
grown in the same pot had five to seven leaves. How- 
ever. in the albinos culm elongation was greatly re- 
duced, the leaves being narrow and short. Leaf width 
was measured in plants grown for 65 days: 28 albino 
plants averaged 6.3 mm., 14 variegated 13.6 mm., and 
6 green plants averaged 18.5 mm. The variegated 
and green plants headed out at normal height within 
34 to 42 days, but the albino plants of the same age 
rarely exceeded 3 to 5 in. in height. Although the 
albino plants maintained a state of vegetative growth 
for 140 days or more, they failed to show any indi- 
cation of heading. In tests with albino maize Spoehr 
(4) obtained ears and tassels by feeding with 0.3 
molar sucrose solution, but when his method was used 
with the albino barley under investigation, no such 


1 Accepted for publication November 26, 1951. 

“Formerly Research Assistant, Field Husbandry De- 
partment, University of Saskatchewan, Saskatoon, Saskat- 
chewan, Canada. 
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Fic. 1. A, one albino and one variegated barley plant; 
B, supplying the albino plant a sucrose solution through 
the leaves and a nutrient solution in a saucer at the base; 
C, stem rust infection on (top to bottom) albino, striped, 
variegated, and green barley leaves. (Photographed by 


kindness of Dr. B. C. Jenkins.) 


results were obtained. Albino plants grown under 
complete darkness appeared elongated, slender, and 
weak as compared with those grown in the green- 
house in diffuse light. 

Rust INOCULATION.—An unknown race or races of 
P. graminis tritici was used as the inoculum, applied 
by rubbing on the leaves or by injection using a fine 
hypodermic needle. Two tests of 60 albino seedlings 
at the first- and second-leaf stage were separately 
inoculated with urediospores without feeding. They 
failed to show any indication of pustule formation, 
whereas the variegated and green leaves bore numer- 
ous pustules. The leaves of the inoculated albinos 
withered and dried off in 3 to 4 days after inoculation. 
Numerous uredia were found when the inoculated 
albino leaves were fed with sucrose solution. The sori 
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(Fig. 1, C) were smaller than those formed in i 
variegated and normal green leaves 
Observations and measurements were made of color. 
spore size, and germination of urediospores from al 
bino, variegated. and Urediospore color 
was normal on all plants. 1 s measured 20.5 
32.1 U., 19.8 32.3 vu. and 20.2 2.1 uw. and the 


>») 


percentages of germinatior 7. and 82.2 


on the three types respective 


ure diosport ~ 


creased by in 


produced from albino plants 


jection into normal green plants. on which pustules 
were produced in 8 days The urediospores obtained 
by the above method were reinoculated into albino 
plants, which formed sori regularly as befor Phe 
results indicated that urediospore from albino plants 


did not seem to be different in or, size. and germ 


inability from the urediospores from variegated and 


The 


genicity as shown by the reinoculation 


rust also did not lose its patho 


green plants. 
test 


In a parallel experiment one series was kept in the 


greenhouse; the other series was kept under complet 
darkness. except that a 25-watt oht was used for 
15-20 min. every two days when changing was done 
and sucrose and mineral-salt solutions were added 
Under both of these conditions rust sori were pro 
duced in 7 days after an inject urediospore sus 


pension. 


\ MOSAIC O 


Harry H 


In 1950. a previously unde osal 
ease of Vanda ore hids \ I Wit i priel 
scription of the symptoms a1 nerimental 
mission by grafting and ( ilatior | 
present paper reports t i 
determine the relationshiy \ sale rus 
to other orchid viruses 
(1.3.4.6). These studies le ft ¥ 
toms of the Vanda mosaic d st ral of 
the virus. its thermal in ts to ince to 
dilution and aging Alsi . ( f the 


distribution and spr 


of the virus by prunir 1] d the effect 
the virus on plant grow! roduct 
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< 


In a single experiment when 0.1 


added 


appeared earlier than with sucrose alone. 


per cent yeast 


extract was to the sucrose solution, rust sori 


The results of this experiment indicate specifically 
that chlorophyll is of only indirect importance in the 


production of rust sori in barley. and suggest that 
rust production in plants in general may be inde- 


pendent of the presence of chlorophyll. provided a 


source of carbohydrates is supplied. It may be 


sug- 
vested that additional studies of the nutrient require- 


ments of albino leaves for rust development might be 


of considerable interest. especially in a study of rust 


resistance, 
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VANDA ORCHIDS 


Vurakishi 


erown isolated in a screened. glass-roofed 


University. All healthy test plants were 


elected from virus-free collections Transmission at- 


tempts were made by inarch grafts and by juice inocu- 


| i 
LtlOns 


Inarch grafting was accomplished by making 


i longitudinal cut of 3 to 4 in. on the souree 


plant 


nd joining it to a test plant on which a similar cut 


made: the bound face-to-face 


Was cut surfaces were 

th ratha and the joint coated with warm. melted 
paraffin. Juice inoculations of Vanda plants were 
ade in a few instances by rubbing juice into the 


with the aid of No. 500 carborundum powder. 


by placing several drops of infective 
! 


leaves 
mainly 

ilong the 

needle 


sap 
stem of the test plant and then inserting a 


through the drops into the stem. 


The test plants at the time of inoculation were at 
1 stage of flowering when blossoms opened in acropetal 
succession during 4 to 6 weeks. thus permitting symp- 
leaf 


| anda 


om observation on flowers as well as on 


crowth. It 


new 
the 
outdoors to allow full expression of both flower and 


leaf 


was found desirable to grow 
symptoms. 
SYMPTOMS. 


streaks 


most 


On the species Vanda Miss Joaquim, 
the 
(Fig. 1). 


flowers are 


Streaking 


white and bleached areas on 


the conspicuous symptoms 


or color-break may occur on any portion of the af- 
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Fic. 3. Sympioms on tip leaves of Vanda Miss Joaquim 


10 months after experimental inoculation with the Vanda 
9/2 





nosaic virus. — | 2/3) 
- ; 2. ei rn ° ° ° 
Fic. 1. Flower of | anda Miss gy age ae virus-In On mosaic plants grown in full sunlight, the tip 
fected plant, showing white streaks in) dorsal (upper) : 
ee ee pPer’ leaves and peduncles of inflorescences have a dark 
sepal, petals, and labellum, and recurving of sepal and : ; i : 
petals, ( ) and light green mottling accompanied by irregular 


purple blotches (Fig. 3). In plants grown in shade 
or vemi-shade no purple color is produced alihough 


lected flowers. but is usually more striking on tke the mosaic is perceptible on the tip leaves. The leaves 


dorsal sepal and the petals and occasionally on th and internodes of mosaic plants are often noticeably 
labellum. all ol which are normally purple. Phe shorter. and leaf tips tend to curve out more than in 
two lateral sepals are also streaked but not prominent- — fealthy plants (Fig. 4). Similar leaf symptoms oc- 


ly so: these are normally only faintly tinged with 


ir on types ol infected Vanda other than the terete 


purple, Necrotic streaks are sometimes found at the }. Miss Joaquim. such as the semi-terete and the 


oes < le ‘fale , rellin { Th y 4 1 ‘ J 

edges of the sepals. petals. and labellum (Fig. 2) spatulate. but the breaking in flower color appears to 

fe 70 | <17e ( the ‘UDI ; ecurving ! 7 

Reduced flower size and either cupping or recurving he less striking. 

Pcie . . ; ean <4 asics , : 
of the petal and epal al frequent on inte ted PRANSMIssSION.—Plants he aring mosaic flowers were 
m. © s ; cans acetone welheanen a ; . _ 

plants (Fig. 2 In inoculation test ns wert inarched to healthy plants and in 63 such pairings, 60 

most severe on the first flower to bloon itte! the 

virus was injected into the test) plant: subsequent 

flowers were le = seriously after ted. H wever, ho * 

complete recovery from. th Virus was ever observes 

4 x 

= 
a 
“5 
'y 





a 

E 

Fo) 
big. 2. Klowers of Landa Miss Joaquim aftected by Fic. 4. Right, Vanda orchid plant 15 months after 
Vanda mosaic virus (healthy flower on extreme left). inoculation with Vanda mosaic virus (healthy plant on 
Upper row, back view; lower row, face view with necrotic left). Note general dwarfing, and curving out of some 


symptoms on lower right. (x 2/3) leat lips. 
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flowers 01 


Rubbing 


formerly healthy plants produced broker 
leaf mosaic. or both. within 18 to 90 days 


juice into leaves with the aid of No. 500 carborundum 
powder resulted in 80 per cent transmission (8 of 
10); needle-puncture inoculat 0.4 per cent (107 
out of 133). Flower symptom t appear 16 to 30 
days following inoculation, whereas foliar symptoms 
under local conditions are ordinarily expressed afte! 
30 to 45 days. Longer incubation periods have been 


noted where the rate of new growt! development was 


unusually slow. 


To determine what effect \ is-contaminated pruning 
tools, used during cultural operations on Vanda plants 
might have on transmitting the virus to healthy plants. 
the blade of shears of a snap-cut type commonly used 
during propagation and the blade of a razor knife 
were each contaminated with drops of infé€ctive sap. 


and a single cut was made on each of 10 healthy 
plants: with the shears at the base of the stem ol 


five plants and with the razor knife along the stem 


of five plants. Sixty per cent transmission resulted 
(three plants of each five 

Transmission attempts with four species of aphids 
have so far been unsuccessful. The only report of 
positive insect transmission of an or hid virus is that 
by Jensen (1), who was able to transmit a Cattleya 
mosaic virus with the green peach aphid, Myzus per 
icae Sulzer. In five tests by the writer involving 40 


Vanda plants, M. persicae were allowed to feed fot 


12. 24. 48. and 168 hr. on infected flowers. buds 
leaves. and roots of Vanda and then transferred to 
healthy test plants; a camel’s-hair brush was used in 


d-infested inoculum 


1 
ti 


some cases, and in ot 


ers ¢ if 


was caged with the test plants Twenty-four hours 
after the transfer. 5 to 30 aphids were seen feeding 
on each of the test plants: however. no symptoms re 
sulted although the plants were kept under observation 
for 5 months to more than a yea! [wo other species 
of aphids sometimes found feeding on orchids were 
used in transmission attempts, but results were nega 
tive: two tests with Cerataphis lataniae Boisduval 
involved 15 plants and two with Macrosiphum luteum 
Buckton involved eight plants In other tests, the 
three aphids mentioned above and Aphis gossypii 
Glover were allowed to feed only 5 to 10 min. on 
infected leaves and buds. Five to 10 aphids of a 


single species were then transferred by brush to each 
of five test plants. None 
has transmitted the vil 


pecies ot aphids 


luring a years observa 


tion. 

EFFECT ON FLOWER PRODU( ND PLANT GROWTH 

-Twenty uniform-sized, established plants of V. Miss 
Joaquim var. Juliette growing in tree-fern fiber and 
near the flowering stage were inoculated 6 in. below 
the growing tip on the stem. and 20 plants in a sepa 
rate container, treated similarly except that nonin 
fective juice was used, served as checks. After the 
first symptoms appeared on the inoculated plants. 
flowers were picked biweekly and the number ha 
vested from each plant was re¢ 1. Height-growth 
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measurements were taken 4. 7, and 10 months after 
inoculation. 

Inoculated plant began to show flower color-break- 
ing within 16 to 20 days. These plants produced 360 
flowers in 10 months, an average of 18.0 flowers per 
plant; the check plants over the same period produced 
509 flowers. or 25.5 flowers per plant. Height of inocu- 
lated plants averaged 4.2, 6.9, and 8.4 in. after 4, 7, 
and 10 months respectively; and of the checks, 5.3, 
8.0. and 9.5 in. 

The virus apparently, therefore, not only reduces the 
quality and size of the flowers but decreases pro- 
duction of blossoms (29 per cent in this experiment). 
The effect of the virus on height appears to be an 
initial stunting which the plant is temporarily at least 
unable to overcome. 

Host RANGE.—Field observations during 1950 and 
1951 on several orchid collections disclosed that four 
species and two types of Vanda are affected by the 
virus. including the terete types V. Miss Joaquim, V. 
Prinzes Beatrix, and V. cooperii, and a semi-terete, V. 
Mevr. Velthuis. When inoculated with Vanda mosaic 
virus, the following hosts reacted with the symptoms 
indicated: Vanda Miss Joaquim and V. Miss Joaquim 
var. Juliette (terete). severe and moderate color break, 
respectively, with occasional necrosis of flower, and 
leaf mosaic: V. Boschii (spatulate), severe leaf mo- 
saic®: V. Jill Walker (spatulate), and V. Mme. Dinger 
moderate color break and leaf mosaic; 
( Arachnis 


(semi-terete }. 
and an intergeneric hybrid. Aranda sp. 


hookeriana < V. sanderiana) (spatulate), moderate 
to severe leaf mosaic.* 

No infection was observed when the following spe- 
cies were inoculated: 


\raceae {nthurium andraeanum Lind. (anthurium 


var. Red) 
Balsaminaceae—/mpatiens sultani Hook. f. (Impa- 
tiens } 
Carica papaya L. (papaya) 


Dianthus caryophyllus LL. 


Caricaceae 


Caryophyllaceae (carna- 


tion ) 


Chenopodiaceae—-Beta vulgaris L. (beet, var. Detroit 


Dark Red) 
Compositae 
ter): Zinnia elegans Jacq. (zinnia, var. Pom Pom 


Callistephus chinensis Nees (China as- 


Scarlet ) 


Cruciferae—Brassica napus L. var. chinensis (1.) O. 


E. Schulz (Chinese cabbage); Mathiola incana R. 
Br. (common stock) 
Cucumis sativus L. (cucumber, var. 


(squash, Zuccini) 


Cucurbitaceae 
Straight 8): Cucurbita pepo L. 

Gramineae—Zea mays L. (corn, var. Oregon Ever- 
oreen ) 

Leguminosae.—Pisum sativum L. (pea, var. Dwarf 
Sugar): Glycine max (L.) Merrill (soybean, var. 


Sac): Phaseolus vulgaris L. (garden bean, var. Ken- 


This plant has not flowered to date. 
‘The hybrid proved to be sterile and no flowers were 


prod ice d. 
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tucky Wonder); Vigna sinensis (Torner) Hassk. 


(cowpea, var. Blackeye ) 

Liliaceae—Allium tuberosum 
Hemerocallis flava L. (day lily); Neomarica caeru- 
lea (Ker-Gawl.) Sprague (Marica) : 
florum Thunb. (Easter lily) 


Hibiscus 


Roxb. (Chinese chive) : 


Lilium longi- 


Malvaceae rosa-sinensis |. (hibiseus var. 


Red) 


Orchidaceae—Cattleya gaskelliana Hort. Sander; C. 
trianaet L. & R.: Cattleya sp. and Laelio-cattleya 


Bocono 
Solanaceae—Capsicum frutescens L. (bell pepper. var. 
Waianae) ; 
V. tabacum L. 
tum Mill. (tomato, var. Rutgers) 


Vicotiana rustica L.: N. glutinosa L.: 


var. Burley; Lycopersicon esculen- 


Tropaeolaceae—Tropaeolum majus L. (garden nas- 


turtium, var. Golden Gleam) 
survey” made in 


DISTRIBUTION AND SPREAD.—In a 


November 1950 to determine the distribution of the 
Vanda mosaic virus disease on the five principal is- 


lands of the Hawaiian group, the disease was found 


only on Oahu, where 15 of 48 growers of V. Miss 
Joaquim had plants infected. Conversations with 


these 15 growers revealed that the plants had been ob- 
tained directly or indirectly from one central source 
on Oahu, with one exception, in which the grower had 
no recollection of where the plants were obtained. 
Follow-up inspections made on Oahu have disclosed 
no further outbreaks of the disease in other plantings. 
This disorder has not been seen in Malaya, where V. 
Miss Joaquim is indigenous,® and has not been report- 
ed, to the writer's knowledge. from any other place 
except Oahu. 

The virus is apparently spread mainly by propaga- 
tion. Since J. 
of Vanda, is propagated by cuttings or offshoots, the 


Miss Joaquim, as well as other types 
virus is easily disseminated to new areas. Eradication 
and quarantine measures have been in effect for the 
past year by the Territorial Board of Agriculture and 
Forestry in an effort to eliminate the virus on Oahu 


and to prevent its spread to other areas. 


PHYSICAL PROPERTIES.-Young mosaic leaves and 


stems were frozen overnight at 20° C.. thawed at 
room temperature, and macerated in a sterile mortar 
and the juice was passed through two thicknesses of 
cheesecloth. Usually at least three trials were made 
for each treatment, and five plants were inoculated by 
needle puncture in each trial. The same number of 
plants similarly inoculated with untreated juice served 


For a study of thermal inactivation, 2 ce. 


as checks. 
of the infective sap were heated in thin-walled tubes to 
the desired temperature in a constant-temperature wa- 
ter bath and 


After heating. the tubes were cooled rapidly 


maintained for the time interval indi- 
cated. 


in running water and the juice was used immedmately 


Acriculture and 
Plant 


5 Made by the Territorial Board of 
Forestry in cooperation with the Department of 
Pathology of the University of Hawaii. 

6 Conversation with Mr. J. L. 


Singapore, during his visit in Honolulu in 1951. 


Pestana, Botanic Gardens, 
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to inoculate tests plants. In the aging studies, the in- 
fective juice was placed in sterile test tubes plugged 
with cotton stoppers, and stored at laboratory tempera- 
tures (24-27° C.). The results, summarized in Table 
1, show that the virus was inactivated at 60° C. when 
heated for 5, 10, or 20 min. It withstood a dilution 
of 1:10,000 but not 1:100,000. In aging tests, the 
virus in vitro was infective up to 4 days but not on the 
fifth day or thereafter. Drying thinly sliced mosaic 
leaves and stems over calcium chloride for 2 days re- 
duced, but failed to destroy, the infective power of the 
virus. 

RELATIONSHIP TO OTHER ORCHID VIRUSES.—The liter- 
ature pertaining to orchid viruses has recently been 
summarized by Jensen (4). In addition to Vanda mo- 
saic virus, three mosaic viruses and a ring-spot virus 
on orchids representing four genera (Cattleya, Cym- 
bidium, Dendrobium, and Odontoglossum) have been 
described (1, 2, 3, 4, 6). 

Cattleya mosaic virus was reported by Jensen (1) 
to be aphid-transmissible but not juice-transmissible 
except to Cymbidium orchids (2). In Hawaii a Cat- 
tleya mosaic has been observed for many years and is 
apparently the same as that described by Jensen. Be- 
cause symptoms of Cattleya mosaic and of Vanda mo- 
saic are similar, made. 
However, trials with the green peach aphid Myzus 
persicae, mechanical inoculations, and inarch grafting 


cross-inoculation tests were 


produced negative results when mosaic Cattleya plants 
were used as source plants and 46 healthy Vanda 
plants were used as test plants, or when reciprocal 
tests made from infected Vanda 
plants to 18 healthy Cattleya plants. Cymbidium 
orchid mosaic, described by Jensen (2, 3) in Califor- 


transmission were 


nia, appears to have a wide symptom range and dif- 
fers from the Vanda mosaic disease in that Cymbidium 
flower color is not affected by the Cymbidium virus. 
Although very few Cymbidium orchids are grown in 
Hawaii, one plant with leaf mottle similar to that 
described by Jensen was found in Hilo, Hawaii, and 
was obtained for cross-inoculation studies. The juice 
from the mottled Cymbidium leaves was used to in- 
oculate five healthy Vanda plants following the rub- 
bing and the needle-puncture inoculations on June 1, 
1951, but no symptoms have appeared since then. 
When the physical properties of the two viruses are 
compared, it appears that the Cymbidium virus has a 
greater tolerance to heat and aging than the Vanda 
virus. Jensen found that Cymbidium virus is inacti- 
vated at 70° C. 
days, whereas tests by the writer for the Vanda virus 
and 
infectivity on and after the fifth day in storage. 


and is still infective in vitro after 7 


showed that it is inactivated at 60° C. loses its 

In Brazil, Nobrega (6) reported a mosaic of Den- 
drobium nobile which he found to be juice-transmis- 
sible to 
nosa. Inoculation of the three Nicotiana species with 


Vicotiana tabacum, N. rustica, and N. gluti- 


the Vanda virus resulted in no symptoms. 


The Odontoglossum ringspot virus, reported by Jen- 
sen and Gold (4), like the Cattleya. Cymbidium, and 
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TABLE 1. Thermal ne patior t rance to dilutior ind aging of Vanda mosaic virus 
&Thern Tolerance to aging 
Tem] tur lt ing Polerance to dilution oie 
eer se oe ) eo Days In vitro Dry tissue 
( ) ) , Omi ‘ 
Not heated ] Not diluted 13 ) 7 
55 | 1: 1.000 | ] 7 
57 1:9,000 U 2 2 ] 
60 1: 10.000 | | | 
65 1 - 100.000 0 5 () 
70 6 0 
7 0 
10 0 
‘Number of plants inf » plants ilated in three trials of five plants per trial. 
"Number of plants inf a ial ak 4 : 

Results based on 1] I iuse four plants in this series succumbed to a bacterial basal rot 
Vanda viruses, appears to hay very limited host possibility still exists that an insect vector or vectors 
range, none otf these iving bee! own to tIniect may be involved. 
ylants utside the orchidaceous roup Ch host 
plan out de of SUMMARY 
range of the viruses mentioned is with one exception 
confined to the particular ni n which the viru ( Vanda mosaic virus causes white streaking and at 

. < t icil 7 a= ‘ y i t i - 4) 
Tl ) < “* i . ~ j . ~~ icc ~ 
curs. Jensen has reported tt ee mes necrotic area in flower of V. Miss Joaquim a 
masaic virus to Cymbidium. but the c ‘noculation Well as systemic mottling, purpling, and leaf malfor- 
of Cymbidium virus to Catt a nsu ful. Al mation. Infected plants tend to be stunted and _ pro- 
4 is to ] ey Was UNSUCCEeSSTU 
though no physical propert i ee. duce fewer flowers than normal. The virus is dissemi- 
g ~ E ) pe fies © a) ogiosstl ne 4 , , ‘ 
spot virus were reported and it =e ke ts con nated in cuttings and its source of spread to 14 of 
Ss morte and IOSSIDI 0 co ; 
pare it with the Vanda virus, s ptoms produced by 15 Vanda gardens on Oahu was traced to a single col- 
. ae nr : ae lection in Honolulu. Quarantine and eradication mea- 
the two viruses on their respect osts appear to be 
ata: Miv~ : sures have been in effect since the virus was found 
? e ( ere io c ss nespot Virus Is 4 vit d 
| ril | : WUSiI . ' in VU, urveys made Dy le erritoria woard oO 
1950. 5S le by tl | t 1 B 1 of 
desc ed as causing nec! ( ct rings : : ‘ 
aliniod teas wn aa : Q \griculture and Forestry in cooperation with the Uni- 
oc atet Ci es < eg ( G | f lowe : 
The Vanda n . ersitvy have disclosed no new outbreaks of the disease. 
t ‘ a: osak virus ! produce : 
. . ; , ' The virus affects only species of the genus banda 
temic mottling and purp 0 es 1 color-brea ; 
ind malformatior f ind an intergeneric hybrid (Arachnis hookeriana 
« ( lé 0 l Ions Oo we 
b Vanda sanderiana) and could not be transmitted to a 
‘yy regoins I t thie or i . raee 
rom the toregoing imber of other plants representing 31) species. 27 
viruses reported in the literat ypears that the : : meee 
\ | ported venera. and 15 families. It is juice-transmissible to 
and: saic virus is not ident vil nv of these ' : ; 
gee aiden 5 ' Vanda by needle-puncture inoculations up to dilu- 
> ft » Infection i w hie plants rep . . 
The fact that no infe tions of 1:10.000. resists aging in vitro for 4 days. and 
28 enting 31 species, is inactivated at 60° C. after heating for 5, 10. or 20 
‘ulated wi this sil that it is not one : 
inoculated with th nin. Of four aphids tested none transmitted the virus 
of the common viruses Its ease of transmission to 
all members of the ger Var noculated. its ey Universiry oF Hawan AGRICULTURAL EXPERIMENT 
tremely limited host rat | properties, and STATION 
symptomatology suggest OweVe that t Vanda HONOLULI Hawall 
saic virus is probably sy f nda mus host 
LITERATURE CITED 
es tle aie a delteaten “ignore tape | D. D. Breal | hid f 
NSEN, DD. D sreaking of Cattleya orchid flowers by 
that the Vanda mosai : y distinet fr 
: ; orchid mosaic virus and its transmission by aphids. 
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tion pattern in Haw f } S| % t the rus : ? Mosaic of Cymbidium orchids ( Abstr.) 
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INDUCED VARIABILITY 
NITROGEN MUSTARD ! 


B. < 
Pink root of onion (Allium cepa L.) is incited by a 
(Hansen ) 
in 


soil-borne fungus, Pyrenochaeta terrestris 
et al., 


onion-growing areas of 


has become endemic many 
the United States. By the 
growing of onions from dry sets and transplants. the 
Pink root 
has been reported to be a limiting factor in onion pro- 


Gorenz which 


fungus is readily spread to different areas. 


duction; it reduces the yields of onion varieties below 
the maximum possible (15). 

Controversy as to the identity of the causal organism 
has persisted through the years since the first descrip- 
tion of pink-root symptoms in 1917 (19). The early 
literature has been reviewed elsewhere (8. 10. 17. 20). 

It was reported that natural isolates of the causal 
fungus differed in cultural characters and sporulation 
habit (8, 9, 11). Gorenz et al. (9) had sampled nat- 
ural isolates from eleven States which represented a 


geographic distribution and had found variability 
among them not only in cultural and sporulation char- 
acters but also in’ pathogenicity upon commerially 


seemed 


lt feasible to de- 
the variation in this organism was 


grown varieties of onions. 


termine whether 
shifting as new onions were introduced, or whether the 
variation originated from mutations, 

The of the 


study of the pathogenic nature of the onion pink-root 


present Investigation is an extension 


fungus. A preliminary report has been presented (7). 
In view of the success obtained in inducing mutations 
2, 4, 13. 14, 18) by nitrogen mustard 
( beta-chloroethy]) its 


An 


in several fungi | 


gas (methyl-bis amine) since 


first usé in 1946 (1), this agent was employed. 


extensive study of induced cultural and pathogeni 
variability in the pink-root fungus was undertaken to 
determine whether mutants could be obtained which 
might possess more or less virulence than the natural 


isolates. 


MATERIALS AND 
20 and Wis. 1. 


single-spore cultures described by Gorenz et al. (8) 


METHODS.—The parent isolates. La. 


of P. terrestris used were transfers of 


and maintained at the University of Wisconsin. La. 
20 was an isolate from onion grown in infested soil 
from Baton Rouge. Louisiana: and Wis. 1 was ob 
tained similarly from Racine, Wisconsin. 


La. 20 was characterized by moderate pathogenicity. 
a disease index averaging about 75. and heavy sporu- 
lation on the host in sand culture as well as on arti- 
ficial medium. In culture it was distinctly deep ma- 
roon purple (16) with coarse, slightly elevated, aerial 
mycelium producing abundant, scattered. setose pye- 
nidia. 


The other parental isolate, Wis. 1, was characterized 


1951. 
The illustrations were prepared by Eugene H. Herrling. 
Department of Plant Pathology. University of Wisconsin. 


1 Accepted for publication December 5, 


Gasiorkiewicz. R. H. Larson 


IN PYRENOCHAETA TERRESTRIS BY 


. J. C. Walker. and M. A. Stahmann 


18: 


? 
) 


by mild pathogenicity, a disease index averaging about 
56, and sparse sporulation on the host in sand culture 
and in pure culture on an artificial medium. In cul- 
ture it was a light mallow purple, with abundant, fine. 
slightly elevated, aerial mycelium producing setose 
pycnidia very sparsely. 

Treatment of the fungus spores by nitrogen mus- 
tard for inducing mutations was essentially as de- 
scribed in 1947 by Stahmann and Stauffer (18). Ten- 
ml. aliquots of a distilled-water suspension of pycno- 
spores. prepared from 1l-day cultures and containing 
125.000 spores per ml.. were pipetted into 10 ml. of a 
freshly prepared solution of methyl-bis (beta-chloro- 
ethyl) amine producing a concentration of nitrogen 
mustard of 0.01 mM per ml. in an aqueous bicarbonate 
buffered At 
metric from |] 
spores in the treating solution were withdrawn and 
added to 


containing 60 mgm. of glycine and 68 mgm. of sodi- 


solution. time intervals chosen in 


geo- 
progression to 64 min., aliquots of 


100 ml. of sterile decontamination solution 
The samples of treated and untreat- 
C. for 10 to 30 hr. One-ml. 
samples were then flooded out in Petri dishes over a 


um bicarbonate. 
ed spores were stored at 8 


thin layer of potato-dextrose agar? and incubated at 
24° C. for 8 days. 
from single spores showing marked differences from 


Subsequently colonies originating 


the parental types as to growth rate. color, or degree 
of sporulation were classed as mutants. Mycelial trans- 
fers to tube slants were made from the more striking 
mutants. and these were transferred successively many 
times as a test of stability. Representative cultures of 


each mutant type obtained were then selected for 


study. 12 in the Louisiana series and 13 in the Wiscon- 
sin series, 

All mutants and both parental isolates were main- 
tained in stock culture on Czapek’s agar medium® and 
to the 
tures as they were found to be constant in their morph- 


mycelial transfers were used propagate cul- 


ologic characters. This method was adopted because 
of the presence of nonsporulating types among the mu- 
tant selections. Stock cultures were stored under para- 
fin oil at 8° C. 
incubated on Czapek’s medium at 28 


and mycelial transfers were made and 
C. for all sub- 
sequent experimental study. 

(gat the 
compagison of mutants in the temperature studies, in- 


to 


medium from same source was used in 


traspecific relationships. and relation various soil 


microflora. 


The greenhouse pan method in Wisconsin tempera- 


contains 
and agar, 


other wise, 
20 


~ Potato-dextrose agar, unless stated 
unpeeled potatoes, 200 gm.: 
20 gm.. to 1000 ml. of water. 

3 NaNO;, 2 gm.; KH2PO,, 1 gm.: 


Q.5 gm.: FeSO, 0.01 
H.O. 1000 ml. 


cerelose, gm.: 


KCI, 0.5 gm.; MgSOx,, 
20 


gm.: cerelose, gm.: agar, 20 gm.; 
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ture tanks (9) was utilized in th 
ies. 

lated 
by cultivating parental and 
tris at 28° C. for 12 


pathogeni« ity stud- 


The onion seeds were sown directly in the mocu 


silica sand substrate I ilum was prepared 


lines of P. te 


containing 


rres 


aisnes 


days in Pe 


Czapek’s agar medium Nine 6 disks of the my- 
celial mat taken from the margin of each culture were 


transferred to 150 ml. of Czapek’s modified liquid me- 


dium in 32-0z. bottles which we neubated for 10 
days at 28° C. with daily shaking to insure adequate 
aeration. The fungus and medium were macerated in 


a Waring Blendor for 2 min. and 100 ml. of this in- 


oculum with 900 ml. of distilled water were mixed 
with 10 kg. of silica sand 
Each mutant and parental culture was tested in 


duplicate and each variety of onions tested was re pli 
125 =f’ et 1s 
ds were planted. the pans were 


tanks held 


boards for 


cated in four rows containing a 
After the see 
+} 


imum ot 
per row. 


l¢ soil rature 


placed at random it 
at 24” C. 


7 or 8 days to assure 


were covere | wi nivwood 


and 


even germination and tungus in- 


cubation. The pans were wat 1 as needed with dis 
tilled water. No nutrient was added: it was found 
unnecessary for a 30-day test 

Pathogenicity tests were made n four standard com 


mercial varieties of onions, Utah Sweet Spanish. Yel 


low Globe Danvers. Yellow Bermuda. and Excel Phe 
first two varieties had been found to be susceptible 
and the last two markedly resistant tests with the 


natural isolates (9 


The seedlings were 


sand culture. 28 to 30 days ter planting ach 
eraded lot of OnIONS Was assigi 1 a class welg! t oO 
the basis of symptom severity : tollows re »{ 
root. 0: slightly affected. 25: leratelv affected. 50: 
severely affected. 80: dead. 100 \ disease index w 
obtained for both parent isolat 1 each muta 


the method described by 
In field tests. 

celial mats, cultivated on Czapek vay Petri dishes 

plus 200 mil. of distilled wat ‘ troduced 


plot on which onions had never been grown 7 


inoculum consist f macerated my) 


liquid inoculum was poured each seed trou 


- 


Following this applic 
After ] months, samples consist 


bulbs were carefully removed and ex 


seed was sown. 
of 50 
amined stereoscopically for pyenidial production 

The 


was obtained from infected host tissue. cultures culti 


small 


material used in t 


vated on agar medium, and cultures grown on Czapek’ 
liquid medium. 
medium 


Small portions of co 


onies trom aga! 


and entire colonies originating from single 


spores on liquid medium were killed and fixed By a 
study of a number of basic and acid fixatives, the most 
successful agent for killing and fixing was found to 
be FAA (formalin 4 per cent. acetic acid 3 per cent 


ethyl alcohol 43 per cent, distilled water 50 per cent). 


Dehydration was with normal-butyl alcohol and _ iso 
amyl in the Zirkle series. The m 


and embedded in paraffin, and sections were cut 2 to 


iterial was infiltrated 
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8 vu. thick at room temperature. Although a large 
number of stains and staining techniques were em- 
ployed, Newton’s gentian-violet-iodine method modified 
with fast 


most since it 


was the 
differentiated the 
structures from the cytoplasm in spores as 


orange G and green counterstain 


satisfactory clearly 
nuclear 
well as in mycelium. Smear preparations were made 
host \ceto- 


carmine proved to be easier to handle than Feulgen’s 


from tissue as well as culture material. 
and DeLamater’s basic fuchsin and gave an excellent 
distinct red stain to the nucleus. 


EXPERIMENTAL RESULTS.—Symptom range.—Onion 
pink root is characterized by shades of pink in the 
roots assume a semitransparent, water-soaked appear- 
Che root color shortly after infection is rhondite pink, 
which, as the disease progresses. deepens through 
various shades of pink to Spinel red and rarely to 
lyrian purple. Also, there is a loss of turgor as the 
roots assume a semitransparent., water-soaked appear- 
ance. At this stage the vascular tissues may be ex- 
posed by the sloughing off of the cortical tissues which 
have disintegrated (11). 

[Typically the same symptom range was caused by 
Root light 


pink through the pinks to red and deep purple. Some 


the various mutants. color ranged from 
cultures discolored the sand in the vicinity of the roots 
a distinct Mutant 
marked the degree of turgidity 


translucent appearance of the roots. 


caused 
and 
Generally. how- 


deep lavender. cultures 


differences in 
produced by the mutants fell 


ever, the symptoms 


within the described range of symptoms of the onion 


pink-root syndrome. 


Pathogenicity.—Variation in pathogenicity of nat- 


ral isolates was first clarified by the screening tests 
Variation was similar 


(‘Ta- 


conducted by Gorenz et al. (9). 
among the nitrogen-mustard-gas-induced mutants 
ble 1): the 


mol phological. 


differences pertained to 1) cultural, 


and physiological characters of mu- 


tants and 2) the reaction of the onion varieties. 
In the Louisiana series, three mutants had mean dis- 
ease indices higher and nine mutants had indices lower 
than that of the parent isolate when the four varieties 
of onion were used. Of the nine less virulent mutants, 


five were classed as moderate, two as mild, and two as 
The 


nduced mutation of the La. isolate was significant for 


features: 1) the 


weal: range of pathogenicity obtained through 


the following increase in virulence 


of three mutants above the parent isolate and 2) the 


decrease in virulence of nine mutants even beyond 


the lowest reported for natural isolates. 
behavior ot Some of 


There consistency in the 


the mutants in their pathogenicity on certain varieties 


Was 


of onion. 


Mutant 26 was the most pathogenic on all 
32 was the least pathogenic on 
dif- 
em 


29: on 


four varieties: mutant 
all. There consistency of 
ferent isolates more pathogenic than the 
namely, on Utah Sweet Spanish, mutants 26, 
Yellow Globe Danvers and Yellow 


16, 21, 29: on 26, 21, 29, 24. 


apparent 


also was virulence of 


parent 


Bermuda, mutants 
The 


among 


Excel, mutants 


onstancy of virulence was not so 
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TaBLeE 1.—Pathogenicity of parent and induced mutants of 
Pyrenochaeta terrestris on seedlings of four onion va- 
rieties in sand culture 


Disease index on 


Series, 
and Utah Yellow Isolate 
culture Sweet Globe Yellow Excel mean 
number Spanish Danvers Bermuda 
Louisiana 
26 97 97 80 79 88 
21 79 89 76 ta 80 
29 85 87 73 69 79 
20° 8] 82 69 67 75 
3] 72 74 64 64 69 
24 78 76 56 68 67 
25 63 65 64 39 63 
22 ia 78 14 93 63 
Zi 70 74 54 a2 63 
23 58 61 51 39 7 
28 61 50 52 >] 54 
30 54 62 38 5] 17 
32 28 26 26 23 26 
Variety 
mean 69 7] 57 27 
Wisconsin 
g 73 70 70 69 71 
12 71 7 70 68 70 
10 73 70 64 70 69 
13 65 65 64 76 68 
1] 68 60 65 65 65 
18 64 61 7 65 62 
] 60 35 19 35 35 
6 >? 39 16 18 50 
8 >] 22 >] 5] 19 
7 16 10 1] 93 15 
7 1] 8 3 27 3 
15 ; 32 27 27 0 
16 6 6 7 5) 6 
14 } ; } 4 4 
Variety 
mean >] 18 16 17 


‘Averages of four replicates. 
» Parent cultures, 


the moderately pathogenic mutants. The weakly patho- 
32 was always less virulent than mutant 
but in Yellow Globe 


970 
oO 


genic mutant 
30 on all four varieties of onions. 
Danvers mutant 30 was more virulent than mutant 

The Wisconsin isolate mutant series was character- 
ized by a broader range of pathogenicity. Six mutants 
disease index higher and seven had one 
lower than the The range of the Wis- 


consin series extended from very weak pathogenicity 


had a mean 
parent isolate. 
to moderately severe. Six mutants were classified as 
moderate. three as mild. two as weak. and two as neg- 
ligibly pathogenic. 
significant for the 


The range of pathogenicity was 


same reasons mentioned for the 
Louisiana series. 
At least six Wisconsin 


test varieties than was the 


mutants of the series were 


more virulent on the four 


parent isolate. More pathogenic mutants appeared to 


be constant in their behavior against the four onion 


varieties, but their relative position was not so fixed 


as in the Louisiana series. There was more consis- 


tency in rank among the less virulent mutants, 7, 17. 
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15, 16, and 14, which followed each other in decreas- 
ing order on all four onion varieties tested. 

Recovery isolations were made by plating out root 
tissues on Czapek’s agar. In each case cultures re- 
covered resembled culturally those forms used as in- 
ocula. Thus in the passage of mutants through host 
tissue no evidence of reversion to the parent type was 
obtained. 

Gorenz et al. (8) 
reported the production of pycnidia by P. terrestris on 


Pycnidial production on the host. 


They 
did not make any observations as to the number of 
pycnidia produced by any of their isolates. In the 


onion roots in greenhouse sand-culture tests. 


present study observations were made to compare the 
sporulation habit of the parental and mutant cultures 
on the four varieties of onions. 

The standard used for comparison was the produc- 
tion of pycnidia by the parent isolates. To obtain an 
adequate sample. 75 cm. of roots from a random selec- 
tion of 25 seedlings of each variety used in the patho- 
genicity tests were examined and the pycnidia were 


TABLE 2. 
tants of Pyrenochaeta terrestris on seedlings of four 
onion varieties in sand culture 


Pycnidial production of parent and induced mu- 


Pyenidial production on * 


Series, 
and Utah Yellow Isolate 
culture Sweet Globe Yellow Excel mean 
number Spanish Danvers Bermuda 
Louisiana e 
20 1354 1254 843 1108 1140 
99 1224 1264 1009 527 1006 
29 907 82 169 585 696 
26 1029 718 107 737 648 
27 920 797 164 386 972 
28 721 866 228 19] 527 
1 369 112 65 140 247 
23 320 373 114 98 226 
24 214 229 5] 61 39 
25 16 28 16 53 12 
32 12 6 26 0 32 
2] 0 13 0 0 1] 
0 ] } ) , 6 
\ ariety 
mean 952 325 263 323 
Wisconsin 
9 1171 1942 1605 157] 1698 
8 878 1055 1053 9°6 977 
1] 850 1237 680 1069 959 
17 365 368 276 200 502 
12 150 234 149 155 162 
7 2 15 0 0 | 
| l 2 2 | 2 
10 0 0 l l 0.5 
13 0 Q 0 0 0 
18 0 0 0 0) 0 
lS 0 0 0 0 0 
fh 0 0 0 0 0 
14 0 0 0 0 0 
16 0 0 0 0 0 
Varie tv 
mean 286 346 269 280 


‘Number on 75 em. of roots fram 25 seedlings. 
Parent cultures. 
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counted. In table 2 the variability range from none 


to abundant production is show! 


In the Louisiana series parental isolate pro 
duced the most pycnidia. Mutant 22 was nearly as 
productive. Four mutants moderate production. 


three slight. and four spars« There was a marked 
decrease in sporulation by all mutants from the sus- 
ceptible Utah Sweet Spanish and Yellow Globe Dan- 
vers to the more resistant Ex ind Yellow Bermuda 


in the order named. 


In the Wisconsin mutant series. six mutants pro- 


duced no pycnidia: two had very sparse production. 
as did the parent isolate: five were much more pro- 
ductive than the parent isolate: and three of the last 
group produced pycnidia very abundantly. There was 
no consistency among mutants in the relative amount 
of sporulation on susceptible and resistant onion va 
rieties. 

Pycnidium and seta morphology on the host.—In 
1929 Hansen (11) reported that mature pyenidia 
varied considerably not only in size. but in shape. 
papillation. length and number of ostioles. His de- 
scriptions were based on isolates growing on a cul- 
ture medium. Gorenz et al. (8). in 1948. stated that 
more variability was encountered in pycnidia produced 
in culture than in pyenidia produced on the host. 


Also, the latter investigators described the pycnidium 


as setose. and the natural isolates as varving in num 
ber. length. and position of the setae They placed 
their isolates in three groups as to setae: 1) short. 
few, grouped around ostiole longer. numerous, 


scattered: and 3) medium to few to numerous 


grouped around the ostiol: They also categorized the 


isolates into two groups on the basis of size. shape. and 
papillation of the pycnidium | globose slightly 
beaked. and 2) subglobose and papillate 


ition mn morphology oft 


A full description oft val 


pyenidia and setae of bot} mutant series has been 
presented elsewhere (6 In the Louisiana series. all 
mutants produced mature fructifications on the host in 
sand culture. The number pyenidia varied from 
sparse to numerous. The | tion of the pvyenidia. 
i.e.. the depth within the onion root. ranged from shal 
low to deep. In three mutants the position was shal- 
low. in three. medium. and in s deep. Six mutants 
produced small py nidia. four. termediate ind two 
large. The shapes of the pvyenidia were within the 
range described by Goren il 8 Those of the 
parent isolate (La. 20 nd of two mutants were 
globose and slightly he iked: of two olobose with dis 
tinct beaks: and of three. subglobose with short beaks. 
Five Louisiana mutants produced irregular. branched. 
deformed pycnidia similar to those encountered by 
Gorenz et al. (8) in soil pathogenicity tests. The osti 
ole of the pycnidium wes markedly different among 
the mutants: large and distinct. two: intermediate. 
two: small and distinct. on small and indistinct. 
seven. The ostioles appeared on the beaks or papillae 
or on the ends of pycnidial branches 

The pyenidial variation among the Wisconsin mu 
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tants differed from that in the Louisiana series. The 
parent Wisconsin isolate was characterized by mature 
pycnidia sparsely distributed. deep-seated. small. oval, 
and with small Among the Wis- 
consin mutants. five produced mature pycnidia; three 


indistinct ostioles. 
produced only primordia in the 30-day test; and five 
did not produce even primordia during the test period. 
Among the five mutants which fructified on the onion 
roots. three produced numerous pycnidia: one. few: 
All five sporulating mu- 
and 


one produced them sparsely. 


tants shallow-seated. intermediate in_ size. 


globose in form. but variation occurred as to papillae, 


were 


beaks. and irregular. deformed branches. 


Number of setae. their position. number of septa- 
In the 


isolate were 


tions. and length and type were determined. 
the 
characterized as numerous. scattered but most numer- 


Louisiana series the setae of parent 
ous around the ostiole, with three to four septations, 
long and narrow. Among the 12 Louisiana mutants 
there were two with setae densely covering the surface 
of the pyenidium. eight with many setae. and two with 
few. As to position, seven mutants resembled the 
parent. and the other five had setae concentrated about 
the ostioles. The number of septations varied from 
The length and type were from short and 


Nine mutants had long 


two to five. 


wide to long and narrow. 
and narrow setae. whereas three had short and narrow 
ones. 

The seta morphology of the Wisconsin series fol- 
lowed the range described for the Louisiana mutants, 
except for the appearance of an additional type. short 
Mutant 17 was 


distinct because of possession of numerous, long. nar- 


and narrow with one to two septations. 


to 6-septate setae. 
the field.In field 


inoculum of parental and mutant cultures was used, 


row. 4- 

Sporulation in trials wherein 
sporulation with mature fructifications was observed in 
60 days on the following varieties: Mountain Danvers, 


White lowa Yellow Globe 14. Yellow Globe 


Danvers. Bermuda. Ebenezer. and Utah Sweet 


Babosa. 
Yellow 
Spanish. In the Louisiana series only two mutants, 


24 and 25. failed to sporulate. No mature fructifica- 
tions observed in the Wisconsin 
the test This is the first 


setose pycnidia on onion roots grown in the field (Fig. 


were series during 


period. report of mature, 


| upper). 


Variation in cultural characters.—TVhe variability in- 


duced included a wide range of cultural character- 


Morphologic mutants used were representative 
the 
For comparison of mu- 


istics. 
nitrogen-mustard-gas-induced mutants of Louisi- 
ana and Wisconsin 
tants. each was transferred to Petri dishes containing 
Czapek’s, potato-dextrose. or cornmeal agar. Most of 
the mutant cultures differed macroscopically from the 


other, but they 


isolates. 


untreated isolates and from_ each 


could be categorized in groups on the basis of their 
vrowth rate and pigmentation. Representative cul- 
tures of the Louisiana and Wisconsin nitrogen-mustard- 
gas-induced mutants growing on Czapek’s medium at 


24° C. after 8 days’ incubation are shown in figures 
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Fic. 1. Upper: A, diseased onion roots with mature pycnidia (25). B, top part of A, showing setose character of 
mature pycnidia (400). Lower: Fructification in culture. A, sterile, fluffy mycelium; B, pycnidia scattered over sur- 
face; C, dendritic mycelium with pycnidia formed on heavy hyphae; D, mature fructification with gelatinous ooze of 
spores produced by mutant 27, grown on potato-dextrose agar for 60 days at 20° C. (28). 
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Fic. 2. Louisiana isolate and representative mutants induc 


left. 


2 and 3. respectively 


Although numerous mycelial 
transfers of the mutants were made over a 3-year peri- 
od, no changes in appearance from the original were 
observed. 

The color range of the mutants was variable. de- 
pending on the medium and temperature Color 
variability was more marked on Czapek’s agar at all 
temperatures. for on this medium a range from cameo 


pink through the pinks and purples to brown and 


clive green at the other extre was Observed. On 
potato-dextrose medium t olor tended toward the 
deeper, drabber shades he on cornmeal-pep 
tone agar ranged in the direction of the deeper. darker 
colors for the Louisiana series ! toward the lighter 


ed by nitrogen-mustard gas treatment. Parent isolate upper 


colors for the Wisconsin series. Concentric zonation 
and narrow. deeply colored peripheral zones marked 
the cultures on this medium. In general the colors 
which appeared in one series appeared also in the 
other but at different temperatures, indicating that 
the color ranges for the mutant series were similar. 
All the colors observed fell) within the descriptive 
range for the natural isolates. 

The outlines of the colonies differed with tempera- 
ture and medium. In general. on all media, the faster- 
crowing cultures tended to have regular outlines; the 
opposite was true of the slow-growing ones. The ir- 
regular colonies varied from those with dendritic 


margins to those with uneven lobes or to those with 


lu 


ul 
th 
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warty mycelial masses. Uneven lobes and 


luted mycelial mats characterized the growth on the 


rich cornmeal-peptone medium. There was 


uniformity without convolution of the colony mat on 
the other two media at all temperatures. 

The topography of the mutants varied considerably 
with the medium and temperature. In some the colo 


nies were flat with a sparse or heavy mat of low 


aerial mycelium. Others were elevated considerably. 
the amount of aerial mycelium varying from scant to 
from very coarse to very 


fine. In general. the most abundant. low aerial growth 


abundant and the texture 


was on cornmeal-peptone agar regardless of tempera- 


ture. On potato-dextrose agar growth was less ele- 


vated. whereas on Czapek’s the aerial growth varied 


Representative nitrogen-mustard-induced mutants of Wisconsin isolate. 
convo- 


more 


Parent isolate upper left. 


The best 
aerial growth on the last two media was at 24° and 
28° &. 

Mutants varied as to pyenidial production in cul- 


from low, compact to high. abundant. 


ture. Six of the mutants of the Louisiana series were 
nonsporulating in culture on the media provided (Fig. 
1. lower. A). whereas all sporulated on the host in 
series six mutants 
Of these. four be- 


failed to sporulate on either sub- 


sand cultures. In the Wisconsin 
were nonsporulating on the host. 
haved similarly, i.e.. 
strate and were considered as distinctly mycelial. Mu- 
tant 17 did not sporulate in culture, but did so on the 
host; the opposite was true of mutant 18. 

In relation to position of pyenidia in artificial cul- 
distinct situations observed: one in 


ture. two were 
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which the pycnidia were scattered singly or clumped 
over the surface of the colony (Fig. 1, lower, B). and 
the other in which the pyeni were formed on the 
heavy dendritic branches (Fi; ywer, C). In some 


mutants the pycnidia were obs« 1 by the abundant, 
aerial mycelium. 
When cultures remained for 60 days at 16° and 20 


C. the pyenidia produced abundant pycnospores which 


exuded as a gelatinous ooze (Fig. 1, lower. D) 

Prior to the work of Gorenz et al. (9), the tempera 
ture relations of the onion pink-root organism in cul 
ture had been investigated by a number of workers 
(5. 11. 16), but each had used a different medium 
They all agreed as to the optimum range, reporting it 
to be between 24 ind 2¢ ( Gorenz et al 9) 
found marked difference in growth rate among natural 
isolates of P. terrestris The last-named investigators 
reported that certain isolates w best at 28° C. and 
others at 24° C.. and that still another group grew 
well at 24° C. and 28° ¢ hey confirmed Hansen’s 
findings (11) that there was marked decrease in 
growth at temperatures below 24° C. and above 28° ( 

In this investigation. the fungus parent and mutant 


cultures were grown on Czapek’s, potato-dextrose, and 


cornmeal-peptone agars* in Petri dishes containing 20 
ml. of medium per plat Each plate was inoculated 
with a 6-mm. disk of mycelial mat from the periphery 
of a 10-day-old colony grown on the respective media 
The average diameters of radial growth at 16°. 20 
24°, and 28° C. are given in detail elsewhere (6). 


Considerable variation was red between the two 
series and among mutants within the series Phere 
were differences in crowth rate it various tempera 


tures and on various media utilization of a pat 


ticular medium seemed to be dependent on the tem- 


perature. In the Louisi 


1 series cornmeal-peptone 
agar was preferentially used by nine mutants and the 
parent isolate at 16° and 20° ¢ The growth rates of 
mutants on Czapek’s and potato-dextrose agars were 
parallel. At the higher temperatures. 24° and 28° ¢ 

there was less differentiation as to a particular me 
At 24° C. five mutants grew best on cornmeal 
peptone agar, four equally 


dium. 


on Czapek’s and po 


tato-dextrose agars. and three equally well on all three 
media. At 28° C.. three mutants thrived best on 
potato-dextrose, three oO! il peptone two on 
Czapek’s. one equally well ill three media. and 
three equally well on Czapek’s and _ potato-dextrose 
agar. Czapek’s agar was sistently the best sup 
porting medium for t Wisconsin series at all tem 
peratures employed. 

Optimum temperatures for timum growth rate on 
all the media ranged from 16° to 28 In the Louisi 
ana series the parent isolate nd three mutants grew 
best at 28° C. and nine mutants at 24° C. on Czapek’s 
agar. On potato-dextrose agar. the Louisiana parent 
and three mutants grew best at 28° C. and all the 

4 Cornmeal, 20 gm.: agar. |] peptone, 20 gm.: cere 


lose, 20 gm.; 1000 ml. dist 
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others at 24° C., 


for maximum growth on cornmeal-peptone agar. The 


which was the optimum temperature 


other parent isolate originated in cooler soils from 
Wisconsin, and the optimum temperature for some of 
On Czapek’s medium 28 
was optimum for the parent isolate and five mutants: 


the mutants was lower. 


three mutants grew best at 24°. and four grew best 
at 20° C. One mutant grew about as well at 24° C, 
as at 20” C. 


agar at lower temperatures in the Wisconsin series, 


Growth was optimum on potato-dextrose 


only the parent isolate and one mutant growing best 
at 24° C. 


16° C.. and one equally well at 16 


Ten mutants grew best at 20° C.. one at 
and 20° C. Two 
temperatures, 28° and 20° C.. were optimum for 
growth on cornmeal-peptone agar on which growth of 
the parent and five mutants was best at the former 
temperature and that of seven mutants at the latter 
temperature. Only one mutant grew best at 24° C. 


on this medium. 


The diffusion of pigment into solid media has been 
observed commonly, but pigment diffusion into the 
liquid paraffin oil has not been reported. A compari- 
son of the mutant series with the natural isolates (8. 
9) gave the following results. Among the natural 
isolates, maintained at the University of Wisconsin, 
one Illinois, one Wisconsin, and two Colorado isolates 
produced pigments which discolored the paraffin oil 
a faint to deep pink. The Wisconsin parent and in- 
duced mutants did not form any diffusible pigments. 
In the Louisiana series, however, the parent culture 
and six induced mutants formed a pigment and six 
failed to do so. 


which did not discolor the paraffin oil were all mildly 


The mutants of the Louisiana series 


pathogenic, like those in the Wisconsin series. 
Transfers of all cultures of P. terrestris used in 

these studies were stored in tubes of Czapek’s agar 

at 6° to &” &. 


layer of sterile paraffin oil and others were untreated. 


Some cultures were covered with a 


Cultures stored with or without oil were viable for 
at least 11 months. Fresh transfers of most cultures 
stored under oil did not give higher sporulation than 
fresh transfers of like cultures stored without oil. 
Cultures retained their ability to sporulate better 
when stored at 6 to 8° C. 
when they were frequently subcultured at 24° C. over 


without or with oil than 
a like period of time. Apparently the reason is that 
aerial mycelium is more abundant at room tempera- 
ture and in transferring from tubes the aerial my- 
cellum is most often picked and subcultured; thus 
any nonsporulating mutants which might arise are 
perpetuated more readily. 
Effect of duration of nitrogen-mustard treatment. 

\ comparison of the treatments of nitrogen-mustard 
gas revealed that about 6 per cent of the spores sur- 
vived the most severe nitrogen-mustard treatment and 
up to 20 per cent of the mildest treatment. There 
was no predictability as to what time interval would 
have the greatest effect on either pathogenicity or 
pycnidium production, and no consistency in the effect. 
Any individual treatment could cause a shift of either 
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parental isolate into one of four directions: toward 
high pathogenicity with high sporulation (mutants 9 
and 11); high pathogenicity with low sporulation 
(mutants 10, 13, 18, and 21); low pathogenicity with 
high sporulation (mutants 8, 17, 22, and 27); low 
pathogenicity with low sporulation (mutants 14, 15. 
16. 30. and 32). 

Interaction with soil-borne organisms.—In_ experi- 
ments to test the effect of various soil-borne organisms 
on P. terrestris, seventeen organisms commonly found 
in soils used for vegetable cultivation were screened 
and only one, Colletotrichum circinans (Berk) Vogl. 
the onion smudge organism, gave definite indications 
of having an inhibitory effect by the presence of a 
marked. clear zone between the two colonies. 

Intraspecific reactions.—Mycelial inocula measuring 
6 mm. in diameter from each of the mutant Louisiana 
and Wisconsin series were plated in groups of eight in 
each of several culture plates of Czapek’s agar. They 
were plated at random, but each mutant was paired 
with itself and with every other mutant in the series. 
The Petri dishes were incubated at 28° C. for 14 days. 
thus assuring that even the slowest growing cultures 
would make enough growth for a definitive reading. 
The most common interactions in the Louisiana series 
were slight inhibition, inhibition at a distance. mutual 
intermingling, overgrowing of one colony by the other, 
and growth of one around the other. These inter- 
actions ranked in the order named. Interactions were 
similar in the Wisconsin series, and one was dis- 
tinctive. In the Louisiana series no pycnidia were 
produced by the intermingling hyphae, whereas pycni- 
dia appeared in 13 combinations in the Wisconsin 
series. It is assumed that these colonies mutually 
participated in the formation of “conjuncture” pyeni- 
dia. comparable to those reported for Phoma lingam 
(Fr.) Desm. (3). 

Cytological characteristics ——In 1938, Hansen (12) 
proposed the “dual phenomenon” concept to explain 
variability among the Imperfect Fungi, and reported 
that his onion pink-root causal organism (Phoma 
terrestris (Hansen)) had binucleate spores. Smear 
preparations and_ histological sections of the two 
parental cultures as well as of the mutants under 
study demonstrated that the pycnospores were uninu- 
cleate (Fig. 4). The initials of the developing pycnidia 
and cells of vegetative mycelium were also found to 
be uninucleate. This finding supports the assumption 
that nitrogen-mustard gas produced a change in the 
chromosomes of a single nucleus, which accounts for 
the stability of mutant characters in culture. 

Formation of pyenidia is initiated by meristogenous 
development from one or more adjacent cells dividing 
to form a plectenchymatous body composed of uninu- 
cleate cells. Peripheral cells are large and dark- 
colored with thick walls, but toward the center the 
cell walls are very thin. The cavity formation takes 
place very early by the beginning of disorganization 
of cells at the center. As soon as one or two cells 
disintegrate, the surrounding cells begin to disinte- 


INDUCED VARIABILITY 191 

















Fic. 4. Uninucleate pycnospores of P. terrestris (aceto- 
carmine preparation) (500). 


grate and form a mucilaginous cavity. The cells 
lining the cavity result from the division of the cells 
of the original pseudoparenchyma, and these cells 
form the uninucleate pycnospores. Eventually in the 
mature pyenidium the central and ostiolar cavities 
contain numerous spores, but stainable materials are 
absent. 

Discussion.—The variation induced in the two 
natural isolates of Pyrenochaeta terrestris, described 
herein, is considered permanent. No means were 
available by which the inheritance of the induced 
characters could be ascertained more definitely than 
by constancy in morphological characters through 
repeated transfers and by the absence of re- 
version — in 


passage through the host _ tissue. 


No sexual stage has been’ reported for this 
organism. The vegetative hyphal cells of young 
mycelium are uninucleate as are the mature pycno- 
spores. Heterocaryosis is negated as a factor in the 
variability obtained, since the parental isolates were 
in all cases derived from single spores. 

The present investigation presents evidence that 
the mechanism of variation among the natural isolates 
is not that commonly attributed to many members of 
the Fungi Imperfecti, i.e.. transformations resulting 
from the effect of genetically different nuclei. Since 
the pycnospores and pycnidium initials were found to 
be uninucleate, the induced variability obtained un- 
doubtedly resulted from genic changes within the 
treated pycnospores. 

There was apparently no correlation between the 
type of mutants produced in either series and the 
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duration of treatment The results indicate that any 
length of treatment could yield similar changes in 
pathogenicity, pycnidial production, and morphology. 

In pathogenicity tests made to determine the amount 
of pathogenic variability induced in the Louisiana and 
Wisconsin isolates, it is noteworthy that mutants pro- 
duced in one series were similar to some in the othe 
series. This fact is more signficant after consideration 
of the distinct differences in the parental types. Svmp 
toms characteristic of pink root incited by a member 
of the more virulent Louisiana series were produced 
by mutants in the Wisconsin series. Some of the 
Wisconsin mutants produced a disease as severe as 
that caused by the Louisiana parent. whereas others 
were negligibly pathogen e susceptible vari 


ties, Utah Sweet Spanish and Yellow Globe Danvers. 


even under ideal conditions. The disease index rating 
system, which fiVeS 1 sen | intitative measure ol 
symptom severity, showed marked differences in 


pathogenicity among the mutants 
It is generally considered that mutagenik agents 
produce their effects by causing chromosome aberra 


tions which result in loss o iracter and_ physio- 


logical weakening of the individual. However, in this 
work variants with greater irulence. higher degree 
of sporulation, and enhanced growth rate were ob 
tained as frequently as those which showed changes 
in the opposite direction Since the induced mutants 
fall within the natural range « iriability of P. ter 
restris, it is suggested that the itural variants origi 
nated by spontaneous mutatio currently existing 
strains. 
Induced variabilitv in twe tural isolates of P 

renochaeta terrestris, the onion pink-root fungus. has 


been studied in relation to the DOSS ble origin ot 
natural variation. In determini whether the various 


natural isolates resulted fron nges within a single 


natural strain. nitrogen mustard 
chloroethyl) amine was utilized to induce cultural 
and pathogenic variabil 


The nitrogen mustard proved to be an_ effective 


mutagenic agent. There was correlation betwee 
the type of mutants produced and the duration of the 


treatment employed 


\ isconsin tempet! 


Pathogenic itv tests were made 


ature tanks with four standard commercial varieties 
of onions classed as suscept ind resistant types 
on the basis of response to solates Through 
increased virulence some of the mutants originating 
from weak parent il tvpes were able to produce a 
disease comparable with that ascribed to some of the 
natural virulent isolates Some mutants were much 


less virulent than the untreated controls. Sporulation 


on the host in the greenhouse was not correlated with 


pathogenicity. Thus. sparsely sporulating types could 
be just as virulent as heavily sporulating ones. Dis 
ease indices of mycelial lines iried creatly from 


very low to moderately h 


Most of the induced mutant isolates fell within the 
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descriptive and cultural range of the natural isolates, 

The findings support the possibility that new and 
more virulent strains of P. terrestris can be obtained 
by mutation of any currently extant strain. 
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SOIL FUMIGATION EXPERIMENTS ON LONG ISLAND, NEW YORK, 
TO CONTROL GOLDEN NEMATODE OF POTATOES ! 


Bert Lear.- W. F. Mai.- J. Feldmesser,* and F. J. Spruyt * 


Many chemicals have been tried in attempts to con- 
trol the golden nematode of potatoes, Heterodera ro- 
stochiensis Wollenweber, by soil treatments, but none, 
to date, has been adopted as a practical control mea- 


sure, Peters and Fenwick (5) concluded from experi- 


ments on heavily infested soil at several locations in 
England that applications of a mixture of dichloropro- 
pene-dichloropropane (D-D)_ initially decreased the 
number of nematodes present and increased potato 
vields. but the nematode population increased follow- 
ing cropping. Chitwood and Buhrer (3) concluded 
from their tests on heavily infested soil on Long Island. 
New York, that fumigation of infested areas could not 
be justified economically unless a treatment could be 
developed that would last for several years. They 
maintained that a kill of 90 per cent or greater was 
necessary before a treatment would be effective for 
more than one crop of potatoes. A shank applicator 
was used for their field tests. 

Tests with new volatile chemicals have been given 
much emphasis during the past few years. From re- 
sults of small green house and plot tests some of these 
chemicals have shown considerable toxicity to this 
nematode. Dichlorobutenes, reported by Lear (4) as 
being very effective against this pest, seemed to merit 
a field-scale test. Also, new types of application equip- 
ment, similar to the plow-scraper utilized by Thorne* 
against the potato rot nematode, Ditylenchus destruc- 
tor Thorne, were believed worthy of trial in tests to 
control the golden nematode (Fig. 3). If one opera- 
tion in the plowing and preparation of infested areas 
before treatment could be omitted through use of this 
type of applicator, the cost per acre would be con- 
siderably reduced. Accordingly. the field experiment 
reported in this paper was performed to compare the 
efficacy of four fumigants applied by three types of 
applicators. 


EouipmMent.-The shank applicator was constructed 
from a Ferguson tiller attached to the rear of a Farm- 
all tractor. A hydraulic lift attachment was devised 
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Fic. 1. Shank applicator attached to a Farmall tractor. 
Application depth is regulated by the small wheels on the 
ends of the applicator. 


to raise and lower the tiller (Fig. 1). A 1%-in. gear 
pump without built-in bypass was attached to the 
power take-off at the rear of the tractor. A special 
valve arrangement and by-pass outside the pump made 
possible its use for filling the supply drum attached 
on front of the tractor as well as supplying fumigant 
to the manifold on the shanks. The tiller was modified 
to hold two staggered rows of shanks so that the 
injection lines were 10 in. apart. Narrow alfalfa 
points were mounted on the shanks, behind which 
were attached supply tubes from the manifold. 
Dosages were regulated through use of orifice disks. 
contained in unions mounted on the manifold attached 
on top of the tiller. A special control block mounted 
on the steering-wheel post enabled the operator to 
regulate dosages so that the desired amount would be 
dispensed automatically regardless of tractor speed. 
This piece of equipment (Fig. 2) is very important, 
since tractor speeds may vary because of wheel slip- 
page in loose soil, or on hills. 

The plow applicator was constructed from a plow 
with two 14-in. bottoms. A short manifold with four 
outlets and supply line was mounted on top of the 
plow in such a manner that two supply lines 7 in. 
apart were placed in front of each plowshare. This 


‘applicator (Fig. 3) could be attached to the tractor 


simply by connecting the supply line to the pump and 
connecting the plow to the tractor. 

Many experiments have demonstrated that fumi- 
gants are least effective in the top inch of soil. In 
small areas gas-tight surface coverings are used to 
retain chemicals in this surface layer long enough 
to kill the nematodes, but use of such covers is not 
feasible in field-scale treatments. Chitwood (2) sug- 
gested that the same results might be achieved with 


193 











194 PHYTOPATHOLOGY 





Fic. 2. Control block 


mounted n steering wheel posl 
automatically regulates delivery rates as tractor speed 
varies. Manufactured by Fabricate Metals, Oakland, 
Calif. 
two treatments. if the surface soil were turned undet 


between the first and second treatments to insure that 


the soil on the surface at the time of the first treatment 
would be well covered by the second This burying 
of the surface soil can be achieved by plowing or. 
more efficiently. by the use of a plow-scrape! Phe 


plow-scraper used in these experiments consisted of 


heavy scraper blades mounted front of each plow- 
share. These blades were adjustable so that up to 
3 in. of soil could be scraped from the surface, de- 
posited in the furrow left by one plowshare. and 
covered by the trailing plowshare (Fig. 3 

A covering device dragged behind the applicator 
also is a very necessary piece of equipment. Trials 
with various chains. drags. and harrows resulted in 
our selection of a Scotch or chain harrow as being 
most efficient (Fig. 4): this is flexible and sufficiently 
heavy to follow the soil contour very well and do if 
excellent job of filling the furrows left by the shanks 
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PROCEDURE.—With the cooperation of the owners of 
the potato field and the Division of Golden Nematode 
Control, Bureau of Entomology and Plant Quarantine, 
ine an experimental 
site of approximately 2 acres was located in the center 
of a 90-acre field 
From survey records of the Division of Golden Nema- 


tode 


Department of Agriculture’, 


infested with the golden nematode. 


Control a reugh map of the infestation was 


prepared. This 2-acre area was accurately mapped 
Soil 


samples were removed from each plot with a trowel 


and divided into plots 66 by 22 feet (1/30 acre). 


to a depth of 6 in. at staggered 6-ft. intervals in two 


rows through each plot. Each sample was thoroughly 


evsts were washed from 


The 


acres chosen for the experiment ranged from 4 to 


mixed in the laboratory: 


Lt oz. of each. and counted. infestation in the 


960 viable cysts® in 4 oz. of soil. It was not possible 





furrows 


used to fill in 


Fic. 4. Scotch or chain harrow 


left by the applicator shanks. 


to obtain plots with a like degree of infestation be- 
cause of the limited area available. The 2-acre area 
was divided into 53 plots, and 20 different treatments 
were employed. Some treatments were replicated 
more than others but at least two replications of each 
treatment were included. 

August 19, 1949. The soil 


relatively 


Treatments were made 


temperature was 75° F.: soil was dry, and 


Bureau of 
as. Ws 


assistance 


>The Division of Golden Nematode Control, 
Entomology and Plant Quarantine, Hicksville, L. 


furnished equipment, fumigants, and technical 


to aid in taking soil samples and making the chemical 
ipplications. 

6 The expressions “viable cyst,” “eyst viability,” and the 
like are used here and elsewhere in this paper with the 
meaning of. or reference to, eysts of the golden nematode 


and other species of Heterodera containing viable larvae. 
Strictly speaking, the cyst is the dead body of the female, 
but the word has also been used to mean the dead body of 
the female with the contents, principally second-stage lar- 
vae, which have not yet escaped from the egg shell, larvae 
which have eseaped from the egg shell but have not yet 
left the cyst, dead larvae, and empty egg shells. With the 
“nonviable cyst,” and deriva- 


latter “viable cyst,” 


tive expressions are convenient to designate the possible 


meaning, 


infective or noninfective nature of the cyst contents. 
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Tape 1.-Number of viable cysts and larvae of Heterodera rostochiensis in soil samples removed before and following 
field-scale treatments 


. . ° , Jarce ave 
Dosage ov A No. of viable cysts in 1 sq. ft. of Perce ntage 
ess Equipment soil 8 in. deep reduction No. of larvae 


Fumigant per acre 


used in viable emerging” 
(Ib.) Pre-treatment Post-treatment cysts 

D-D 150 Shanks 7,858 873 89 353 
150 Plow 3,174 673 79 21 
225(2)* Shanks 21,162 2,023 90 633 
225(2)* Plow 3,857 336 9] 372 
225 plus 450* Shanks 12,868 7 99.9 0 
150 Plow-scraper 1,138 588 18 188 
225 (2) * Plow-scraper 652 16 97 30 
Dichlorobutenes 150 Shanks 5,201 15 YY 88 
150 Plow 6,254 938 85 971 

225 Shanks 2,056 359 83 
225 Plow 742 47 94 0 
150 Plow-scrapet 3.949 161 96 0 
Dowfume N 150 Shanks 1,776 171 90 114 
150 Plow 5,599 572 90 3702 
150 Plow-scraper 10,924 771 93 1555 

Dowfume W-40 265 Shanks 1.836 918 50 
265 Plow 4,137 1,909 54 1350 
133(2)* Shanks 2,856 2,998 0 176 
133(2)* Plow 762 583 23 415 
265 Plow-s« raper 11.016 3.334 69 3856 


‘Two applications, 1] days apart. 
*In potato root leechings from 200 cysts recovered from treated plots. 


contained some trash, weeds, and dried potato plants; Resutts.—With 10 of the 20 treatments the per- 
centage reduction of viable cysts was 90 or 
(Table 1). D-D, when applied by the shank appli- 
cator at 225 lb. followed by 450 Ib. 11 days later, re- 
duced the number of viable cysts per sq. ft. of soil 
was used on all plots following application of the from 12,868 to 7, a reduction of 99.9 per cent. The 


the surface was uneven. Fumigants were applied 5.5 greater 
in. deep with the shank applicator and 6 in. deep 
with the plow applicators. The top soil was only 


10 in. deep, with hardpan beneath. The chain harrow 


chemical. A heavy roller pulled by a separate tractor 
was used after treatment to break up clods. The 
second applications of split treatments were made 11 
days later; soil temperature was 75° F. and soil mois- 
ture slightly less than for the first application. Those 
plots receiving a second treatment by use of shanks 
were plowed prior to second treatment. To reduce 
chances of contamination of the experimental plots 
and other areas from the necessary operations con- 
nected with the experiment, the remaining 88 acres 
of the field were treated with D-D*, 450 lb. per acre. 

Before the chemicals were applied, 11 soil samples 
of approximately 10 Ib. each were removed from 
each plot in two rows at staggered 6-ft. intervals. 
Soil samples were taken from approximately the 
same areas 3 weeks following application of the chem- 
icals. These samples were taken to the laboratory 
and dried. The cysts were then washed from each 
sample, collected on a 60-mesh screen, dried, and 
filed for viability determinations. One hundred cysts 
from each sample were opened and examined fot 
viability with the aid of a stereoscopic microscope. 
The remaining cysts were stored for 4 months longer. 
then 200 cysts from each sample were placed in potato 
root leachings so that the eggs would hatch and the 
viable larvae could be counted. 


* Product of the Shell Chemical Corporation. 


new fumigant, dichlorobutenes*, applied once at 450 
lb. by the shank applicator, reduced the viable cyst 
count from 5,201 to 45 per sq. ft., or 99 per cent. 
At equal dosages dichlorobutenes appeared to be 
slightly more effective than any of the other chemicals 
used. Ethylene dibromide was ineffectual even at 
dosages as high as 265 lb. per acre of a solution con- 
taining 40 per cent ethylene dibromide by weight 
(Dowfume W-40).® About equal control was achieved 
with the three types of applicators. Use of scraper 
blades on the plow applicator did not appear to in- 
crease its efficiency. 

Discussion.—The data obtained from these experi- 
ments are by necessity based on soil samples removed 
from the various plots before and following the ap- 
plication of chemicals. The data would have been 
more reliable had it been possible to grow potatoes 
on the experimental site, and to base results on cyst 
counts made on the roots; data on potato yields also 
would have been available. However, since the field 
was quarantined against the golden nematode. the 
growing of potatoes in this infested field would have 
been unfair both to the owner of the land and to all 


8 Product of E. I. duPont de Nemours & Co., Inc.; a 
mixture containing approximately 40 per cent of the 1,4- 
dichloro-2-butene isomer. 

* Product of The Dow Chemical Company. 
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other growers in the area because of the chance of 


increasing nematode populations in the experimental 


plots. 
Since in all plots 11 samples were removed for each 
treatment, it is thought that a fair appraisal of the 


cyst viability before and following treatment was ob- 
tained. Error in human judgment of viability is. of 
course, a possible cause of ibility. Determination 
of dead or near-dead larvae cyst Is sometimes a 
difficult task. A delay of t least 1 month before 
examinations were begun made these interpretations 
easier. 

Interpretation of results mere m the basis of the 
percentage kill obtained wit e various chemicals 


can be deceiving unless some lication of the total 
number of viable cysts present also is noted For 
this reason the data Table ] were expre ssed as 
total viable cysts per sq. ft. of soil before and following 
treatments. Data in this for show at a glance the 
problems involved in attempt eradication of this 
pest with soil fumigation. A 99.9 per cent reduction 
in viable cysts was obtained 1 split dosage (225 
plus 450 lb.) of D-D applied to soil containing 13.000 
viable cysts per sq. ft Nevertheless. an average of 


seven viable cysts remained in every square foot of 
the treated soil. constituting a considerable source 
of infection. This figure possibly would have been 
higher had the original infestation been greater. 
The consistent agreement of results between cyst 
viabilities and number of larvae emerging from a 
given number of cysts in the better treatments should 
be noted. One viable cyst could have produced the 
30 larvae emerging following the D-D treatment of 
225 Ib. plus 225 Ib. 11 days later. applied with the 
plow-scraper. Viability determination had indicated 


a 97 per cent reduction in viable cysts. The apparent 


disagreement of some of the d of the less effective 


treatments possibly could be explained by the fact 
that cysts vary greatly in the number of eggs they 
contain. Cysts with high numbers of eggs possibly 
may have escaped lethal concentrations, and thus 
would give high larval counts. No effort was made to 
ascertain the number of viable larvae per cyst, and 
it is possible that in the same cyst some were killed 


and others escaped. 


It would appear that one of the more Important tae 


tors to consider in soil fumigation for the control of 
this nematode, as well as others. is the use of the 
most efficient way of applying chemicals to the soil. 
This was the purpose of the experiments with the 
scraper on the plow-applicator Failure to bring 
about higher kills when the scraper attachment was 
used in these experiments could have been due _ to 
faulty equipment. Several deficiencies in the ap 
paratus were noted during the applications. Soil 


around ends and 
depth. 
Equipment changes might remedy this fault. A shorte1 


flowed over the top of the blades or 


possibly escaped deposition it the desired 


interval between the chemical applications might have 
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given better kills. Another possible source of error 
was the condition of the field at time of application. 
\ smoother surface would greatly increase the efficacy 
of this equipment, as would also freedom from trash, 
weeds, and dried potato plants. 


The inefhicacy of ethylene dibromide against this 
pest is noteworthy; dosages up to 30 gal. of the 40 


per cent mixtures failed. These results are at variance 
with those of Chitwood (2) but confirm data obtained 
by the 
Allen 


had low 


authors in small greenhouse and_ plot tests, 


Raski (1) 


toxicity to eggs ot 


found that ethylene dibromide 


Hete rodera 


and 
sé hachtii, 
whereas D-D was effective. 

Che eth acy ot dic hlorobutenes mixture Was encour- 
aging. However, estimated cost of this material (at 
least double that of D-D) would probably eliminate it 
since its efficacy is only slightly 


from consideration 


ereater than that of D-D. 


SUMMARY 


Field-scale applications of D-D. Dowfume N. Dow. 
W-40. 
made on replicated | /30-acre plots for the control of 
Heterodera Wollenweber. Treatment 
efficacies were evaluated from cysts screened from soil 
samples taken from the plots before and following 
application of chemicals by shank. plow. and_ plow. 
At equal dosages (450 Ib. per 


fume and a mixture of dichlorobutenes were 


rostochiensis 


scraper applicators. 


acre) the dichlorobutenes mixture was the most ef- 
fective chemical. D-D was almost as effective: when 
applied in split dosages. 225 Ib. followed by 450 Tb. 


11 days later. it reduced viable nematodes from 13.000 


per sq. ft. to seven. A scraper attachment to the 


plow did not increase the efficiency of any of the 


chemicals. Ethylene dibromide at dosages of 30 gal. 


(265 lb.) per acre of the 40 per cent mixture was 


not effective. 
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HEREDITARY RESISTANCE TO LATE BLIGHT OF TOMATO! 


James M. Walter and Robert A. Conover * 


and Stoddard (4) ex- 


Walter, 


1948 
pressed skepticism that a dependable resistance to 


Conover, 


la 


late blight, Phytophthora infestans (Mont.) DeB., 
would be available to the growers of green-wrap 
tomatoes in Florida within a reasonable time. The 


following report on a phase of the current tomato 
breeding work presents evidence at least for hope if 
the this de- 


resistance. 


not confidence in prospects for highly 


sirable disease 

BREEDING STOCKS AND PROCEDURES.—-At the Novem- 
ber 1948 meeting of the Florida State Horticultural 
Society Miss Ana L. Bunker. President of the Woman’s 


Garden Club of West Palm Beach, told the senior 
writer that she and members of the club had been 
growing an ornamental tomato that had not been 
damaged by late blight during the preceding two 


winters although the disease had ruined commercial 
plantings in the area. A small seedling that was a 
volunteer from her planting of the previous season 
was grown at Homestead, Florida, during the winter 
crop season and only a few small. atypical. nonsporu- 
lating late blight lesions developed on it, whereas near- 
by plants of the variety Southland were severely dam- 
This 


were 


aged by late blight. accession was designated 
P-] it 
large-fruited types possessing resistance to other dis- 
eases, taken the P-] 
February 1949, and from them plants were grown dur- 


and a few crosses made between and 


Cuttings were from plant in 


Bradenton a 
Late blight at- 


two 


ing the spring crop season at among 
large assortment of breeding stocks. 
tacked in mid-April: the P-1 


nonsporulating fruit lesions whereas 


plants had only 
all surrounding 
that 
time P-] has been propagated regularly by seed and 


breeding stocks were severely damaged. Since 
plants have been uniform in all recognized characters. 

This the 
haps best classified as Lycopersicon esculentum var. 


tomato type is, in writers’ opinion, per- 


pyriforme Dunal, following Bailey's Encyclopedia of 
Horticulture. The vine is short-jointed. much branched. 
semi-erect, and the leaflets are broad. rich green. and 
relatively stiff. The pink fruits have two cells. are 


oblong. approximately #4 by 114 to 1% in.. and com- 


monly 8 


to 10 per hand. 

1 Accepted for publication December 3, 1951. 

Florida Agricultural Experiment Station 
No. 
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During the winter of 1949-1950, Mrs. Helen Jack- 
son of Homestead sent us another late-blight-resistant 


tomato stock, accession P-3, that has spherical, red 
fruits only 4% in. in diameter. This accession was 
used for a few crosses during the spring of 1950 


because of the possibility that its genes for resistance 
to late blight might be different from those of P-1. 
The large-fruited tomatoes chosen for crossing with 
P-] P-3 and for 
breeding stocks with resistance to one or more com- 
mon diseases other than late blight. Southland has 
resistance to Alternaria (A) and Fusarium wilt (W) ; 
Manahill and improved selections from it have re- 
to A, W, g (St): Mo.S-34 
STEP 68, and Manasota: and certain breeding lines 
the 3 re- 
resistance for leaf mold and 
(M). 


Most crosses were made in the greenhouse during 


and back-crossing were varieties or 


sistance and gray leafspot 


above-mentioned 
(C) 


in combination, 


possess, 
sistances and also 


for tobacco mosaic 


spring. and the F: generations were grown each sum- 


mer at Bradenton. The segregating generations were 


grown each winter at Homestead, where severe late 


blight has developed regularly in recent years. 

DESCRIPTION OF THE RESISTANCE. 
P-] and P-3 to late blight is not immunity but, in the 
writers’ opinion, is a resistance of sufficiently high 


The resistance of 


order to largely eliminate the need of fungicides for 
protection against late blight on tomatoes at Home- 
stead. if it can be fixed and maintained in commercial 
varieties, 

Late blight lesions on resistant plants are fewer 
commercial tomatoes 
On foliage of re- 
netlike 
in diameter do not enlarge and 
often develop yellow Thus, the of 
the resistance is believed to be the hypersensitive re- 
late blight by Hori ( Stem 
lesions usually do not girdle the stem but may elongate 
Late blight on the fruits of resistant 


and smalier than lesions on 


grown under the same conditions. 
the 
blotches up to 14 in. 


sistant plants small necrotic spots or 


borders. nature 


action described for 5). 
considerably. 
plants is similar in appearance to that seen on fruits 
Sporulation on the resistant 
to find 
favorable for the 


of susceptible varieties. 
host 
even under weather conditions very 


is sparse, zoosporangia being difficult 
fungus. 


When 


fruits are ripening and the plants are approaching 


Young vigorous plants are highly resistant. 


senility the resistance appears to weaken, as indicated 
by larger lesions with seemingly normal spore produc- 
tion. This stage of lessened resistance, however, may 
not occur prior to harvest of fruits for the green-wrap 
market. 
BREEDING 


RESULTS. Plants of the F, generation 


from crosses between P-1 and susceptible large-fruited 
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tomatoes have appeared to be just as susceptible to 
late blight as the large-fruited parents. 
The F, 


generation, with roughly 600 plants each 


from crosses 2 PAStW (P-] Manahill), 1 PAW 
and 2 PAW (Southland P-] ind 1 CAPStW (41 


CAStW P-1), was grown at Homestead during the 


winter of 1949-1950. Late blight developed for only 


limited periods in midwinter and did not become uni- 


formly severe on the rows planted to susceptible large- 


fruited parental types. The contrast in reactions be- 


tween P-] and the susceptible varieties, plus the varia- 


tion among plants in the F. populations, made it obvi- 


ous that a hereditary resistance was in operation; but 


the disease situation in the field did not permit precise 


classification of plants in the segregating populations. 


Nevertheless, a number of single 
made from the resistant segregates in each of the four 


few ot these sel 


plant selections were 


tions were used 


F., populations. A 


immediately for backcrossing to large-fruited tomatoes 


carrying resistance to other diseases 
No definite conclusion on the manner of inheritance 
of the late blight resistance could be drawn from this 


crop. On March 2 the F. plants of one row each of 2 
PAStW, 2 PAW, and 1 CAPStW classified as 
accurately as possible for reaction to late blight. For 


2 PAStW susceptible; 125 


mediate: 69 resistant. The ratios were approximately 


were 


the figures were 77 inter- 


the same for 2 PAW and 1 CAPStW. This suggested 
that if the resistance of P-1 be due to a single factor, 
it should be viewed as a case of incomplete dominance 

Because of limited time and space for the 1950 
1951 crop at Homestead, a number of stocks of dif- 
ferent classes in small populations were produced 
rather than a few properly chosen stocks in popula- 
tions sufficiently large to provide .reliable data on 
the genetics of the resistance The former plan ot- 


fered more possibilities of reaching the practical coal 
of the 


layed planting and it was n 


breeding program: but cold wet weather de- 


tt completed until Janu- 


ary 29. To allow close comparisons and to assure 


abundant late-blight in 
planted to susceptible large-fruited parental stocks, so 


oculum. every third row was 


that every row of plants of hybrid origin was adjacent 
to a row of susceptible plants 
March 


that every plant ot 


Late blight developed well during and was 
\i ne s() 


the susceptible parental stocks 


of sufficient severity by 


ilmost comple tely 


defoliated and nearly dead before any fruits had 
matured. The resistance of P-1l, P-3 and the large 
majority of the hybrid plants made such a m irked 
contrast with the susceptibil tv of the large-fruited 
parental stocks that sight of the field would have con- 
verted the last skeptic [Twenty-five F. stocks (selec- 
tions from the F. of the previous year) were in the 
planting in populations of 40 to 50 plants each. Six of 
25 populations were segregating for late blight reac- 
tion and 19 were uniform for resistance. However, 
three levels of resistance were observed in these 19 
populations: nine were uniform for high resistance. 


1.€.. equivalent to P-1: two were uniform for low re- 
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sistance, lesions being definitely larger and more nu- 
merous than in P-1; and eight were uniform for inter- 
mediate resistance. 

Fortunately, the performance of the F, 
onstrated that all of the F. plants chosen as pollen 
parents for the backcrosses made in the spring of 1950 
were homozygous for high Fourteen of 
these backcross F, populations, having as the female 


stocks dem- 


resistance. 


parents large-fruited stocks with resistance to other 
diseases, were grown, number of plants per line rang- 
ing from 48 to 134. With all plants not clearly resis. 
tant in late blight reaction counted as susceptibles, 
the totals for these 14 segregating populations were 
583 susceptible, 238 resistant. One backcross F., pop- 
ulation having the large-fruited stock STEP 68 as the 
male parent showed 39 susceptible, 37 resistant, and 
the latter plants were all of the high level of resistance. 
The productivity, together with desirable vine types, 
size, shape, earliness and smoothness of fruits, of many 
of the resistant segregates was most encouraging. 
Five of the original F, populations. all having P-3 
as the male parent but each having a different large- 
fruited female parent, were grown in small numbers, 
The totals were 146 susceptible; 115 This 
result does not appear to fit a single factor hypothesis 


resistant. 


and no observation was made that could explain the 
marked divergence. 

The breeding results reported estab- 
lish the fact that the writers have at hand a hereditary 
The mode of in- 


DISCUSSION. 


resistance to late blight of tomato. 
heritance is left as an open question, but certain of 
the segregation ratios suggest that modifying factors 
are operating. Seed supplies are available for work- 
ers who may wish to undertake genetic studies on this 
resistance. Possibly some large-fruited, wilt-resistant 
tomatoes such as STEP 68, Manasota, Mo.S-34, and 
certain Manahill selections furnish a modifying factor 
or factors not carried by other selections; breeding 
stocks having leaf mold resistance have frequently 
been observed to show unusually high susceptibility to 
late blight. 
ries an accessory factor for late-blight resistance not 
present in the genetic makeup of P-1. It is difficult 
for the writers to understand the differentiation of the 


It also is possible that accession P-3 car- 


KF. populations that were uniform for resistance into 
three levels of resistance, unless we postulate modify- 
ing factors. Perhaps these observations fit with those 
of Andrus (1), 
resistance among tomato 
blight epidemic of 1946. 


as resistant by Andrus figure in the complex pedigrees 


who reported differences in degree of 
varieties during the late 


Some of the varieties listed 


of the large-fruited parental stox ks used in our breed- 
ing program: for example, Norduke, which had some 
resistance, is important in the pedigree of Manahill. 
The 
with the approach of senility has been noted previ- 
Mills (7) that 


tomato leaves were highly resistant to the potato race 


increase in susceptibility of resistant plants 


ously, Berg (2) and observed young 


of Phytophthora infestans, whereas old leaves were 


somewhat more susceptible. This senility reaction has 
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been observed also on late-blight-resistant potatoes by 
Muller in Europe (8, 9, 10). 

Resistance to late blight in green-wrap tomato va- 
rieties for a region such as southern Florida may be 
attained with relative ease only to be lost quickly be- 
cause of the development of, or invasion by. a differ- 
ent biotype of the pathogen. Regional strains and bio- 
types of P. infestans have been acceptably demon- 
(2. 3, 6, 8, 9, 10, 12, 13, 14), and certain in- 
11) reported the adaptation of the 


strated 
vestigators (3, 7, 
pathogen to plants or varieties previously resistant. 
Indications that the regional strain complication may 
be expected with respect to late blight resistance in 
tomato 1950 1951] 
through cooperative tests with workers in North Caro- 
Seed of a number of the F. 
stocks that were uniformly resistant at Homestead 
were sent to Drs. W. S. Barham and D. E. Ellis for 
use in the high valleys of North Carolina. and to Dr. 
M. C. Gallegly for testing at Huttonsville, West Vir- 
ginia. At Appalachian area locations none of 
the stocks was rated resistant to late blight. It is im- 


have been evident during and 


lina and West Virginia. 


these 
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perative to determine as quickly as possible the rea- 
son for this difference. Meanwhile, the record of P-1 
for resistance during the past five years in southern 
Florida is enough evidence to motivate the naturally 
optimistic plant breeder. 


SUMMARY 


Two accessions of small-fruited tomato types used 
as ornamentals were observed to have a high degree 
of resistance to late blight in southern Florida. Per- 
formance of hybrid populations resulting from cross- 


ing these accessions with large-fruited susceptible 
breeding stocks has shown that the resistance is 


hereditary. Observed segregation ratios and breed- 


ing results suggest that the resistance is due to one 


main factor, but that it is affected by one or more 
modifying factors. 
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AMORPHOUS VS. CRYSTALLINE FORMS OF DDT, BENZENE 


HEXACHLORIDE, 


+ 


AND SULFUR! 


Edmund F. Feichtmeir 


It is commonly accepted that the biological efhiciency 
of a solid can be altered by changing its particle size 
or the temperature under which it is tested. But the 
significance in regard to biological efficiency of the 
allotropic forms of a solid. each form with its own 
peculiar characteristics. has in general been over- 
looked. 

Feichtmeir? has shown that the amorphous form of 
sulfur produced by rapid evaporation of dilute solu 
tions is much more toxic than the parent crystalline 
form to conidia of the brown rot fungus, Sclerotinia 
fructicola Rehm. This was attributed to the highet 
vapor pressure of the amorphous form 

The following work bv the same author with two 


hexachloride (BH¢ 


shows that the production of amorphous droplets is 


insecticides. DDT and benzene 


not a particular attribute of sulfur but is probably a 
common phenomenon. 

METHODS AND RESULTS.—When a solution of 0.2-1 
mg. per ml. of any of the three materials (DDT. BH 
or sulfur) in a suitable solvent is poured over a tilted 
microscope slide. small, usually uniform amorphous 


droplets remain upon quick evaporation of the sol 


vent (Fig. 1). The size of the droplets depends upon 
type and concentration of material. and rate of evap 
oration of the solvent. If the concentration is too high 
or rate of evaporation too slow rystallization may 
occur. A certain number of crystals appear after 4 
or 5 hr.. the number no doubt depending upon the 


number of crvstallizing nuclei present which may be 


affected by incomplete cleanil o impurities. friction 
or magnetic causes. When the above crystals are ob 
served during 72 hr.. an area cleared of droplets is 
gradually formed around them The time varies from 
a few hours to two or three days. Figures | and 2 are 
a series of photomicrographs using DDT and sulfur 
(BHC gives similar results) of the same crystal taken 
at the same magnification but after different periods 
of growth (12. 24, 48. and 72 hr These show quite 
conclusively the clearing effect. and the crystal growth 


at the expense of the droplets. The rate of disappear 


ance is influenced by the distance from the crystal and 
is inversely proportional to the diameter of the drop 
lets. Exactly how important these tactors are has not 
been determined. In all of the slides of sulfur ob 
served. the crvstal seldom exerted its influence over a 
distance greater than 200-300 which indicates that 
there is some limit to its attractive powe1 However. 

1 Accepted for public ition Dece er 20, 195] 

2 Feichtmeir, Edmund | The effect of particle size 
solubility of sulfur in carbon disulfid pon its toxi 
fungi. Phytopath. 39: 605-61 1949 

3 The amorphous nature wa rmined by polari 
microscope criteria; X-ray diffra 1 not be used be 
cause manipulation of the dropl | erystall 
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it should be noted that with most of the slides ob- 
served, it was difficult to find areas more than 100- 
200 » in radius wherein a neighboring crystal was not 
also exerting an influence upon the droplets. In the 
figures, the height of the prints represents approxi- 
mately 200 yp. 

It is believed that the crystals are growing at the 
expense of the droplets because the droplets have a 
greater vapor pressure. Thus, the observations shown 
in the time-sequence photomicrographs (Fig. 1 and 2), 
all at the same magnification, would actually be the 
result of simple distillations. the vapor movement to 
the crystals being controlled by the surface-to-volume 
relation of the droplets and the distance of attractive 
influence of the crystal. 

The ability to form amorphous droplets from solu- 
tions is not confined to a few specific solvents: for ex- 
ample. the following are satisfactory for sulfur: ben- 
zene. chloroform, carbon tetrachloride, ethylene di- 
chloride. carbon disulfide, xylenes, ether, quinoline, 
pyridine. and methyl. ethyl. and isopropyl alcohols. 
Most of these are equally effective with DDT and 
BHC. 

Amorphous droplets may be produced by other 
means than quick evaporation of a solution. They 
may occur as a result of chemical reactions such as 
action of acid upon thiosulfates or lime sulfur: they 
may be formed when alcohol or acetone solutions are 
poured into water; or they may be produced by con- 
densation of vapors. 

The difference in vapor pressure between amor- 
phous droplets and the parent crystalline form has 
been further shown in another manner. ‘Two side- 
arms were sealed to a piece of 18-mm. ID glass tubing 
closed at one end and ground flat on the other. The 
depth was approximately 18 mm. Droplets were pro- 
duced upon slides by allowing a drop of solution to 
evaporate upon each. with care being taken to keep the 
spread to less than 18 mm. in diameter; one of these 
slides was then inverted and sealed to the cylinder with 
stopcock grease. The cylinder with slide attached was 
placed under a microscope and a “Duo-seal” vacuum 
pump connected to one side-arm. Microscopic observa- 
tion of the slide was started coincidentally with the ap- 
plication of vacuum to the system. Droplets of BHC 
evaporated within 20 sec., whereas crystals remained 
after 8 hr. of pumping (approximately 1 mm. Hg). 
DDT droplets 5u. in diameter evaporated in 1 hr. and 
DDT crystals remained after 


the 25-y size in 3 hr.: 
24 hr. of pumping. Sulfur droplets evaporated in 
about half the time required for DDT but, similarly 
to DDT. the erystals remained 24 hr. after pumping. 
These results again indicate the marked difference in 
vapor pressure between the amorphous droplets and 


the crystalline material. 
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Fic. 1. 
12, 24, 48, and 72 hr., left to right, 
approximate lv 200 4.) 


respec tively: all stages 


Discussion. Although the growth of crystals at the 


expense ot droplets derived by condensation ol sul- 


had been noted more than 50 vears ago. 


lur Vapol 
the fact that the same phenomenon occurs when drop- 
lets are obtained by quick evaporation of solutions of 
materials, as well as by other modes 


sulfur or other 


of formation. has been overlooked. The properties of 
the amorphous form of solids and thei significance 
with regard to applications and testing procedures in 


research been 


biological in general have not recog- 
nized. 
Musgrave" has described droplets derived from 


chloroform solutions of BHC and has claimed higher 
insecticidal toxicity for them, ascribing the increase to 


residual chloroform. On the other hand. Block? 


tSalomon. W. Leber eine neuere Bildungweise der drit 
ten Modification des Schwefels. Z. fiir Krvst. Min. 30: 605- 
608. 1899, 


Bigelow, S.. and H. M. Trimble. The relation of vapor 


pressure to particle size. Jour. Phys. Chem. 31: 1798-1816. 
1927 

6 Musgrave. \ J Insectic idal power! and microscopical 
structure of residual films of benzene hexachloride. Nature 


162: 296, 1948. 
7 Block. S ae 


Residual toxicity tests on insecticidal pro- 
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Time-sequence photomicrographs showing stages in the growth of a crystal from amorphous DDT droplets after 
at the same magnification. 


(Height of each print represents 


found while studying paint films that crystallization 
of the globular films increased toxicity. In the above- 
mentioned papers crystallization of the droplets was 
attributed to the action of the insects rubbing across 
them. Rubbing, of course, does cause crystallization, 
but the increase in size of the crystals, once formed, 
at the expense of the droplets near by apparently has 
not been considered. The importance of allotropic 
form in reference to biological aspects, with the excep- 
tion of these very brief papers cited, has, to the au- 
thor’s knowledge, commonly been ignored. 

It is doubtful that in Musgrave’s work the residual 
hloroform could have been the factor altering tox- 
Evaporation rates for DDT, BHC, and sulfur 


when tested by the vacuum technique described (com- 


icity. 


parisons being made with equivalent particle sizes) 
was chloroform, 
dis- 


were the same whether the solvent 


acetone, carbon tetrachloride, or benzene. No 
continuity in the evaporation rate for a given material 
was observed. 

In testing new chemicals it is a common practice to 
dissolve the test material in a carrier which is often 
This may lead to the production of 


No doubt toxicity 


a volatile solvent. 
the amorphous droplets described. 
data for the amorphous form, or combinations of it 


tective coatings. Soap. April 1948; pp. 155, 157, 159, 161, 
207, 213. and the crystalline form, are frequently reported. In 
°o° 8s ° 
J 

o Y 
- . ) 

> eo! ol of 

Fic. 2. Time-sequence photomicrographs showing stages in the growth of a crystal from amorphous sulfur droplets after 


12, 24, 48, and 72 hr., left to right, respectively: 
ipproximately 200 ,.) 


all stages at the same magnification. 


(Height of each print represents 
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the laboratory, materials are often tested under condi- 
tions which are conducive to formation of amorphous 


droplets, whereas the reverse is true in field applica- 
tions. As a consequence, some of the variation be- 
tween laboratory and field tests may be of a controlla- 


ble nature. 


Prediction as to whether an amorphous material will 


be more or less toxic will depend upon what is being 
tested against it and how it is used. For fungicidal 
effectiveness where increasing the concentration of 
the vapor or rate of solution causes increased toxicity. 
the amorphous form having the higher vapor pressure 
should be the more toxic [If a long residual action 


would, by similar rea 
better. If hardness for 


necessary. as 


were required, the crystal forn 


soning, be scratching were 
insecticides. 


Solubility in 


may be the case for some 


the crystalline form would be. better 


common solvents (fat. cuticle. et would probably 


favor the amorphous form 


The above discussion is based ipon the presence and 
maintenance of amorphous droplets. However, main- 
tenance is usually of limite luration because unde1 


normal testing conditions sor droplets will crystal 


lize. Once a crystal is formed rowth at the expense 
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of the droplets rapidly ensues. as shown in the photo- 
micrographs. The formation of these larger crystals 
with a slower rate of vapor production alters the bio. 
logical effectiveness of the substance. 

Thus, to state that a material is more effective in 
the amorphous than in the crystalline state will in- 
volve an understanding of the many conditions present 
during testing and the type of action involved. 


SUMMARY 


The production of amorphous droplets by the rapid 
evaporation of solutions of sulfur, DDT, and BHC is 
described. Formation of amorphous droplets is shown 
to be a common phenomenon. 

The greater vapor pressure of the amorphous form 
compared to the crystalline state is shown by time- 
sequence photomicrographs of crystals growing at the 
expense of amorphous droplets. The difference is also 
shown by the rates of evaporation while under 1 mm. 
The significance of this greater 


Hg. vacuum. pres- 


sure with regard to biological applications is discussed, 
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ASITIC FUNGI CAUSING DAMPING-OFF 
“EROUS SEEDLINGS ! 


Peitsa Mikola 


EFFECT OF FOREST HUMUS ON PAR 

DISEASE OF CONTI 

Earlier observations have licated that applica 
tion of acid peat and morlike humus to nursery soils 
has a tendency to reduce damping-off disease (6; 8. p. 
202; 9, 10). It was suggested also that especially 
severe attacks of parasitic fungi occur on nursery 
soils depleted in organic matter, and some foresters 
believe that damping-off disease can be controlled by 
the enrichment of soil in humus through the use of 
green manure crops (2 The present study aimed 
to test the validity of these observations by systematic 


greenhouse experiments and pure culture trials in the 


Soils Department. University of Wisconsin 


The growing media in greenhous« pot cultures con 
sisted of a 1:1 mixture of quartz sand and and A 
horizon of outwash sand (Plainfield series), pH 5.65. 
infested primarily with Pythium irregulare Buisman 
and Rhizoctonia solani Kiihn (5 This mixture was 
treated with shredded humus material at the rate of 
0.8, 1.6, and 3.2 per cent by weight. oven-dry basis. 
The humus was collected in virgin stands of the Me 
nominee Indian Reservation. Wisconsin. It included 
partly decomposed organic debris (F + H_ horizon) 


of the same friable mor type. originated from the fol 


lowing forest covers: 1) white pine and red pine of 


) 


Gaultheria-Vaccinium-Maianth« association: 2) 


mum 
] y 


hemlock yellow birch of Ci fonia Lycopodium asso- 


on Dece ber 20. 1951. 


1 Accepted for public 


American beech of Smilacina-Polygonatum 
The debris of all 


origins varied between pH 5.2 and pH 5.5, depending 


ciation; 3) 
association. reaction of organic 
upon the individual sample. 

The treated soils were placed in subirrigated ]-qt. 
porous clay pots, and seeded with 50 jack pine seeds 
December 30, 1950. After 30 days the sur- 
vived seedlings were removed from the jars and the 
The 


same procedure was repeated twice at 30-day intervals. 


pel pot. 
soils were immediately replanted to pine seed. 
Because the experiment included nine humus-treat- 


duplicate 
which 


ed cultures and was repeated four times, 


check 


Records of survived seedlings 


jars were not used except for cultures 
were run in triplicate. 
were taken at regular intervals. Percentages of living 
seedlings in each culture 20 and 30 days after seeding 
are in table 1. 

Although the intensity of the 
siderably at different times, the trials strikingly dem- 
onstrated the remedial effect of humus of this particu- 
lar morphological type. Addition of humus at a rea- 
sonably high rate reduced seedling loss approximately 
100 per Results with untreated soils illustrate 


the erratic behavior of pathogens. Since the moisture 


disease Val ied con- 


cent. 


was kept constant in subirrigated cultures. 


attributed to occasional differ- 


content 
this 
ences in greenhouse temperature, as suggested by 


Leach (1) and Wakeley (7). 


behavior may be 








n 


] 
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TasLe 1.—Survival of jack pine seedlings 20 and 30 days after seeding in soils with different contents of forest humus 


Percentage survival (20 days—30 days) 


Soil pH 


Type of humus and applica-_ : 

tion rate, in per cent Seeding Average at end of 

by weight a | 9 3 4 experiment 

Check, no humus 0O-— 0 35- 3 92-81] 10— 7 42-23 5.6 
White pine-red pine duff 

0.8 10— 0 27-23 100-98 92-22 65-36 5.4 

1.6 24— 4 59-21 94-90 96-33 67-37 53 

39 25— 6 66-31 100-100 LO0-50 73-47 9.2 
Hemlock—yellow birch duff 

0.8 6— 0 88-86 97-97 100-24 73-52 53 

1.6 25- 3 87-81 79-40 96-17 72-35 D2 

3.2 51-16 95-88 97-92 92-27 84-56 54 
Beech duff 

0.8 8- 4 51-15 100-100 91-29 62-37 5.5 

1.6 15— 3 82-42 60-49 86-38 61-33 5.5 

3.2 31-1] 83-51 89-89 82-43 71-48 5.5 


In order to determine whether or not forest humus 
has antibiotic or growth-inhibiting substances, Pythium 
ultimum and Rhizoctonia solani were grown in syn- 
thetic media with and without humus extracts. Pure 
cultures of these fungi were obtained from the Divi- 
sion of Forest Pathology, U. S. Department of Agri- 
culture, Washington, D. C., 
recommended by Lindeberg (3) and Melin (4) were 


and synthetic media as 


used. Humus extracts were prepared by placing 100 
gm. of air-dry organic material in 500 ml. of distilled 
water, allowing the suspensions to stand for 24 hr. in 
a refrigerator, and then filtering them through a 
Buechner funnel. The extracts contained about 3 
mgm. of dry matter per ml. The fungi were grown in 
liquid media and on agar plates. 

Less than 5 ml. of humus extracts per culture did 
not inhibit growth of either Rhizoctonia solani or 
Taste 2.—Effect of humus extract on the growth of Pythi- 

um ultimum on agar media (5 ml. humus extract per 


10 ml. of agar) 


Diameter of colony 


Type of humus extract (mm.) alter: 
15 hr. 24 hr. 
Check 50.8 57.6 
White pine-red pine mor 13.1 34.6 
Hemlock—vellow birch mor 9.4 20.8 
Beech mor 14.0 13.2 


Pythium ultimum. In fact, growth of Rhizoctonia was 
stimulated at the relatively high concentration of 5 ml. 
of extracts per 10 ml. of nutrient solution. Growth of 
Pythium, however, was retarded by addition of 5 ml. 
of humus extract per plate (Table 2). 

Results of greenhouse trials confirm early observa- 
tions that treatment of soil with forest humus moder- 
ates the intensity of damping-off disease. On _ the 
other hand, the pure-culture trials suggest that the 
beneficial effect of the addition of humus is not neces- 
sarily duc io the presence of a specific antibiotic sub- 
stance. The slight degree of acidification, achieved at 
the end of the experiment, indicates that the reaction 
of the medium in this particular case is of little sig- 
nificance as a factor controlling disease. Since seed- 
lings invariably show much better growth in humus- 
treated soils, it is reasonable to assume that the 
remedial effect of humus is largely due to the release 
of readily available nutrients that strengthen the tissue 
of young roots and thus shorten the period of seed- 
lings’ susceptibility to disease. Perhaps the designa- 
tion of damping-off disease by German practitioners as 
“Bodenmiidigkeit” or “soil tiredness” (2, p. 438) has 
a certain degree of justification. 


Forest RESEARCH INSTITUTE OF FINLAND 
HELSINGFORS. FINLAND 
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FACTORS AFFECTING VARIABILITY IN THE DEVELOPMENT OF 
MELAMPSORA LINI! 


A. P. Misra * 


Despite the economic import e of flax rust. rela- wing flax was grown in l-in. pots in the greenhouse; 
tively little work has been done on its epidemiology. plants were inoculated with rust when 6-8 in. high. 


fferent amounts of and when infection appeared (usually within 10-12 


Henry (8) studied the effect 

soil water on rust development, and Hart (7) studied days) they were transplanted to the field. 

the effect of certain other factors, but there appears TEMPERATURE EFrects: Germination of  uredio- 
to have been no systematic attempt to elucidate the spores.—To determine the optimum temperature for 
factors that affect regional and seasonal fluctuations spore germination, urediospores of Melampsora lini 
in rust development. The marked variation in tem were spread on 1% per cent distilled-water agar in 
perature and weather conditions in Minnesota and Syracuse dishes placed at different temperatures. 
neighboring flax-growing States afforded an excellent [ rediospores germinated between 33° and 77 F. At 
opportunity to study the development of rust in nature. optimum temperature (60° to 65° F.) the uredio- 
A preliminary abstract on this phase of the investiga- spores usually germinated within 1% hr., sometimes 
tion was published (1] beginning after 45 min. The percentage of germina- 

MATERIALS AND METHODS.—Field and laboratory — tion also was maximum at these temperatures. 

experiments were made principally with race 4° of The length of germ tubes produced by spores ger- 
Melampsora lini (Pers.) Le but races 16 and 17A_— minated at 42°, 59°, and 73° F. was measured at in- 
also were used in some experiments tervals of 4, 8, 12, and 24 hr. (Fig. 1). At 42° F. the 


The method of ino ulation ind incubation was sim rate ot crowth was relatively slow at first but increased 


lar to that described (13, 14 1 Puccinia graminis progressively during the first 24 hr.. whereas at 73 
tritici Erikss. & Henn. Plants 14-16 days old were the reverse was true. At 59° urediospores began to 
placed in moist chambers. sprayed lightly with water germinate in about 45 min. and germ tubes grew com- 
to provide a thin film of moisture, and then brushed — paratively rapidly throughout the period, attaining 
with rusted plants. The inoculated plants were again their maximum length after 24 hr. It is inferred that 
sprayed lightly and in ited for 24 hr. in the moist a temperature of about 60° F. is most favorable for 
chamber at 65°-75° F., then placed under the con- urediospore germination and germ-tube growth. 
ditions provided for a given experiment. When uredia lo compare development of germ tubes of different 
reached their maximum development. notes were taken 
on severity of rust and type of infection. Flor’s (3 a accom i 

p 


5 6) description of infection types and host reactions 
was used, but an additional moderately susceptibl 
host reaction class was added and the infection type 600r 


X was described as follows Lredia heterogeneous 


varying from 1+ t 


1, little ne osis. variable chlorosis. 
to environment 500+ 59°F /\ 
For tracing the field 


‘ levelopment of rust. two sus j 
. ) :' _-4 
ceptible flax varieties Bison i 1 nheawing, were plant 9 


sensitivity 





ed at intervals of a month or mo id when seedlings 400+ 
é ae ' . / 
were 3-4 in. high. rusted plants were transplanted 2 / / 
into every third row ipout 6 ft part Bison or Red- 9S / 
S 42°F, 
, = 300+ f / 

I Accepted for publicatior 1) Q = y 

Section of a thesis s vraduat = ky j 
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races, urediospores of races 4 and 17A were tested on 
water agar under similar conditions and germ tubes 


were measured after 4 and 8 hr.; those of race 4 
were 122, long in 4 hr. and 218, long in 8 hr.; those 
of race 17A were 177 and 245, long, respectively. 
Apparently races differ in rate of germ-tube growth 
under a given set of conditions. 

The time required for entrance of the pathogens 
into the host was determined by varying the time dur- 
ing which inoculated plants were kept in the moist 
chamber at 65° F. The results were the same as found 
by Hart (7): 
infection. 

Incubation 


a minimum of 3 hr. was necessary for 


One test made in three 


fairly constant 


period. was 


greenhouses, in which temperatures 
were maintained at approximately 65°, 75°, and 85 
F., although for relatively short periods there were oc- 
casional deviations of more than 5°. Three varieties 
of flax, Bison C. 1. 389, Redwing C. I. 320, and Miner- 
va C. Il. 1081, were inoculated, usually with race 4 of 
Velampsora lini. The plants were inoculated and held 
KF. for 1, 2, and 4 days and subsequently placed 
at 65°, 75°, and 85° F. (Table 1). 
almost simultaneously on plants that were placed at 
within 1 or 2 days; at 65° F., uredia 
sison and Redwing and 3 


at 75 
Uredia appeared 


75 and 85 F., 
appeared 2 days later on 
On plants placed at 65°, 75 

| days of incubation at 75° the uredia 
Evidently the length of in- 


days later on Minerva. 
and 85° F. 
appeared simultaneously. 
cubation period is determined during the first four 


alter 


days of incubation at 75° F. and is not appreciably af- 


fected by subsequent transfer to 65 
TasLe | Vumber of days required for appearance of 
uredia on flax plants inoculated with rust and kept 
for 1, 2, or 4 days at 75° F. 


75°, and 85° F. 


and subsequently at 65 


Number of days after 


Numbe rot days 


Variety 1t 75° F, inoculation, at: 
65 F. 79 F. 85 I 
Bison * l 8 i) 6 
2 7-8 6 6 
] 6 6 6 
Minerva 2 10 7 7 
Ms nd 3 


‘Data for the Redwing were identical to those 


for Bison. 


Variety 


Other tests were made in four large chambers, ap- 
proximately 10 ft. square, in which electric fans main- 


tained uniform humidity and constant temperatures of 


= 


34°, 50°, and 68° F. A 100-watt lamp, about 3 ft. 
above the plants. furnished a continuous light inten- 
sity between 200 and 300 foot-candles. Plants were 
inoculated and held at 75° F. for 2 or 4 days, and 


subsequently were transferred to the chambers main- 
tained at 37°, 50°, and 68° F. Data are 
in table 2. On plants kept for 2 days at 75° F. before 


summarized 
transfer to lowe1 uredia appeared con- 
siderably later than in the plants that were held at 
75 F. for 


temperatures, 


i days. The difference is particularly sig- 
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TABLE 2.—Number of days required for appearance of 
uredia, under light of 200 to 300 foot-candles in cham- 
bers, on Bison and Redwing flax inoculated with rust 
and kept at 75° F. for 2 or 4 days, and subsequently 
at 37°, 50°, and 68° F. 








Number of days Number of days* after inoculation 





at 75° F. 37° F. 50° F. 68° F. 
2 14 12 7-8 
4 22 9 6-7 





‘Each figure is the average for three trials. 


nificant at 37° F. where the 44 days required for ap- 
pearance of uredia on Bison and Redwing were halved 
by the 4-day exposure at 75° F. 

Temperature during the first four days after inocu- 
lation had a great effect, but light apparently had lit- 
tle effect on the length of the incubation period. Al- 
though light intensity was low in the chambers, uredia 
appeared within 6-8 days on plants in the 68° F. 
chamber. 

In another experiment, race 16 was used instead of 
race 4. F., about a 
week earlier than those of race 4 (44 days). Melander 
(10) observed similar differences in the ability of the 
physiologic races of Puccinia graminis tritici to de- 


Uredia appeared in 37 days at 37 


velop at low temperature. 

To find out whether continued low 
permanently inhibits the development of the mycelium 
within the host tissue, plants of Redwing and Bison 
were inoculated with race 4, kept for 2 days at 75 
F.. and then transferred to 37° F. After 17 days from 
the day of inoculation one pot of each variety was 
transferred to 68° F. 
transferred every 7 days until uredia appeared at 37° 
F. Transfers were thus made 17, 24, 31, and 38 days 
after inoculation. In the first transfer of the plants 
to 68° F., uredia appeared in 3 to 4 days and the peri- 
od was shortened in later transfers by about 1 day for 
each additional week at 37° F. When pots were trans- 
ferred after 38 days to 68° F., 
day (Table 3). 

\pparently the development of the mycelium is sup- 
pressed for the duration of the low temperatures and 
then the rust may develop rapidly immediately upon 


temperature 


Subsequently pots were thus 


uredia appeared in one 


return to favorable temperatures. Light seems to have 
little effect, for these experiments were made under 


TABLE 3.—Time required for uredia to appear on Bison and 
and Redwing flax at low temperatures for varying pe- 
riods after inoculation 


Number of days plants were exposed to each temperature 


io” 2s 7” F. 68° F. 
2 0 6* 
2 15 } 
) )») ) 
2 29 l 
2 36 l 
2 i2* * 0 
\sterisk denotes appearance of uredia. 
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very low light intensities and the length of incubation 
period at 68° F. 
Severity of 


held for ] Or 


75°, and 85° F., 


{ 


was average tor this temperature. 
On plants 


I nd 
F l 


ured il Slade 


infecttor inoculated and 
2 days at 75 
the 


and 85 F. but 


later placed at 65 


ae veloped simul 


taneously at 75 was relatively slow 


at 65° F. On the tenth day after inoculation the rust 
was much less severe at 65° than at 75° and 85° F 
but on the 16th day infections equally severe at 
the three temperatures. Although development of rust 


was relatively slow at 65 i continued for the 
longest time at this temperature 


held at 75° F. 


infections developed simul- 


In another experiment plants were 


for 4 days; equally severe 


taneously at the three temperat on the tenth day. 


Severity of infection at 37 ind 50° F. was related 


to the holding time at 75 I the inoculation tem- 
perature. Two days at 75° F. were insufficient for 
development of severe infection on plants transferred 
to 37° and 50° F.; but 4 days (5° F. before trans 
fer to the lower temperature resulted in moderately 
severe infections that increased gradually to severe 
infections. 

Infection type-—On Bisor Redwing, both of 
which are susceptible to race | iredia of intection 


type lL developed whether the plants were kept for 2 


days or 4 davs at 75° F. before being placed it 65 
75°. and 85° F. Minerva was moderately resistant at 
65° F. and an infection type 3— developed: at 85° F. 
it was moderately susceptible and infection type X 
was produced; and at 75° F., reaction was intermedi- 
ate. Buda (4), which is semi-resistant to race I17A. 
had type 3— at 65° and type X at 85° F. 

On both Bison and Redwing lants ke pt days at 
75° F. and later transferred to 37° F.. very minute 
uredia resembling type ] developed, but on plants 
transferred after 4 days of incubation at 75° | 
medium-sized uredia resembling type 3 were produced 


On plants transferred to 50° | nfection type 4 
developed, regardless of the holding time at 75° | 

It is concluded that. in general. rust does not devel- 
op well at lower temperatures w plants have been 
incubated only 2 days at optimum temperatures. This 
is not the case, however. when plants have been incu 
bated 4 days at optimum temperatures before trans 
fer; apparently the rust gets nuch better start and 
the effect of low temperature paratively mucl 
less retrogressive. 

Withering of leaves—Rust velops more slowly 
but lasts much longer at 65° F. than at 75° and 85° Ff 


At the 


larger area earlier. 


higher temperatures the pustules 


Leaves als 


occupy i 


started to wither from 


6 to 7 days earlier at 85° F. than at 65° F.. and they 
soon dried completely at the higher temperature Che 
rust, of course. ceased te on the withered 
leaves. 

Vycelium in the host tissu Redwing and Bison 
flax plants 16 days old were inoculated with race 4 
and incubated at 75° F. for 4 days. when prominent 


flecks had appeared. and then were transferred to a 
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small wooden chamber 21% ft. by 2 ft., lighted and 
heated by a 60-watt Mazda bulb. The temperature, 


and 99° 
F. The plants were removed at intervals of 4, 6, 8, 


regulated by a thermostat, varied between 95 
16, 24. and 30 hr. and returned to 75° F. Plants ex. 
16 hr. at 95°-—99 


to moderately infected; those exposed for 24 hr. were 


posed for 4 to F. became heavily 


lightly infected; and on those exposed for 30 hr. there 


were only traces of infection. Temperature above 
95° F. apparently, therefore, kills the mycelium with- 
in the host if the exposure is 24 hr. or longer. 

Rust development in the fiteld——-Two susceptible 


varieties of flax, Bison and Redwing, were 
Farm. St. Paul. in 1946 and 1947. 


eight 132-ft. rows of each variety were grown side by 


grown at 
University Four to 


side. Three or four successive plantings were made 
sample the range of weather condi- 


tions from May to October. 


each season, to 
Rust inoculum was intro- 
duced into the first planting of each year by placing 
rusted flax plants in the rows when the experimental 
plants were 4-6 in. high. Rust continued to develop 
on flax sown subsequently, which permitted a study of 
the effect of weather conditions on its development. 
Infections usually started after rains. During these 
two years rust became moderate to heavy on plots of 
green flax plants on four occasions: mid-June and 
late July in 1946. and late July and late September to 
mid-October in 1947. Each time the outbreak of heavy 
rust was preceded by about | to 2 inches of total pre- 
there were dy inches of 


cipitation: on one occasion 


rain. 


Rust developed best at a mean temperature between 


65° and 75° F.. but was checked when daily tem- 
peratures ranged between 30° and 50° F. or when 
they reached 92° F. or higher for 2 or 3 days with low 
relative humidities. Prolonged hot weather some- 
times resulted in a sudden decline in prevalence of 


rust from 100 per cent to between 10 and 35 per cent 


because of the drying and falling of rusted leaves. 


Such declines were observed on six different occasions 
during 1946 and 1947 and were most pronounced after 
the temperature reached 92° F. or higher for 2 or 3 
successive days. Necrosis developed around the uredia 
and. if rain followed hot weather. secondary organisms 
frequently the necrotic and further 


overgrew parts 


suppressed the rust. 

Most of the urediospores collected from the field 
100° F. 
did not germinate, nor did telia form at temperatures 
near 95° F. When the 


gradually reappeared in 8 to 15 days after rains unless 


when the maximum temperature was 98°” to 


temperature declined, rust 


plants were already mature. There were apparently 


two reasons for this reappearance: 1) Some uredio- 
spores retained viability and produced subsequent in- 
fection, and 2) the mycelium remained viable inside 
the host tissues and again sporulated. This second 
point is supported by the fact that average germina- 


tion of urediospores collected from healthy pustules 
plants the had 
100° F. for 2 days was 9 per cent, and 


from nonshaded alter 


been 98° to 


temperature 


_ 
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that from shaded plants 11 per cent; 2 days later, 
when the temperature was 88° to 90° F., the percent- 
ages were 22 and 34, respectively. This suggests that 
fresh urediospores were produced by the mycelium 
within the host tissue as soon as the temperature de- 
clined. 

Longevity of urediospores——To determine whether 
loss of viability of urediospores at high temperatures 
in the field was equally rapid in shaded and non- 
shaded plants, urediospores were collected from such 
plants in the field at 3 p.m., 4:30 p.m., and 6 p.m. on 
was 98° F. 


were 


a day when the maximum temperature 


Immediately after each collection the spores 


placed on water agar and kept under optimum condi- 
tions for germination. The great majority of uredio- 
spores did not germinate, for the percentages ranged 


from 6 to 14, even for spores from plants in partial 


shade. 

On another day when the temperature was 89° F., 
spores from young (5-6 days old) healthy uredia 
germinated best: 22 per cent of those from nonshaded 


plants, and 34 per cent of those from partially shaded 


plants. Spores from partially dry uredia 10-11 days 
old were viable, but only 3 per cent of those from 
nonshaded plants germinated. whereas 25 per cent of 


those from partially shaded plants germinated readily. 
No germination Was observed for spores from dried 
uredia on dried leaves more than 14 days old. regard- 
the plants had been shaded or in 


less of whether 


sunlight. 

Loss of viability of urediospores trom Velampsora 
lint at temperatures higher than 90° F. seems to be 
Most of those exposed to 95 F. 
days. Of 


greenhouse, placed on cellophane in a Petri dish, and 


rapid. were dead 


after 2 urediospores collected from the 
exposed to direct sunlight when the temperature was 
100°-104° F. 


initial 


and the relative humidity 23 per cent. 
Most of the 


urediospores lost their viability in 1 hr. and after 2 hr. 


germination was 32 per cent. 


only 1 or 2 per cent germinated. 
Temperatures higher than 90° F. coupled with low 
humidity not only dried the rusted leaves quickly, but 


rapidly reduced viability of the urediospores. 


Vaturation of urediospores.—As urediospores lose 


viability rapidly at high temperatures, an attempt was 


made to find out if there were differences in the via- 


bility of urediospores produced on greenhouse plants 


TABLI 1. Percentage of germination of urediospores of 
Velampsora lini produced 10, 13, 15, and 28 days after 
, and 85° F, 


inoculation and at 65°, 75 


Days after (ge of Temperature (" F.) and 
inoculation pustules percentage of germination * 

(days) 65 75 85 

10 s | y 58 

13 5-7 13 64 

15 8-9 Y 6 

28 20-22 18 23 } 


“Each figure is an average for 1500 spores. 
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at different temperatures. Flax plants were inocu- 
lated the same day so that a comparison could be made 
between urediospores of approximately the same age. 
Data are summarized in table 4. At 65° F. germina- 
tion was equally good 13 and 28 days after inocula- 
tion, whereas at 75°, and especially at 85° F., via- 
bility 28 days after inoculation was much less than at 
Viability at 85° F. declined as early as the 
15th day after inoculation. 


13 days. 
Urediospores from young 
pustules germinated well at 85°. Apparently at higher 
temperatures urediospores of Melampsora lini mature 
early and also lose viability rapidly. 

Development of telia~—In the greenhouse telia usu- 
ally develop only on stems of flax and there is great 
variability in the time of their first appearance. At 
75° F. 
lation and sometimes not before 15 to 17 days. In 
1 or 2 days later at 

However. if 
after inocula- 
different 
peratures in the greenhouse, telia appeared simultane- 
and 85° F. and only 1 day later at 65° F. 

No telia appeared at 37° and 50° F. in the cham- 
bers having a light intensity of 200-300 foot-candles. 
Since the light was subnormal the results are not com- 


telia sometimes appeared 11 days after inocu- 


general, they form earliest at 75 
ao; and | or 


plants were kept for 4 days at 75° F. 


5 days later at 65° F. 


tion and subsequently transferred to tem- 


ously at 75 


parable with those in sunlight in the greenhouse. 
When the plants from 50° F. 
greenhouse and kept at 75° F., 

Although telia appear 4 or 5 days later at 65° F. 
than at 75° and 85° F., they develop most abundantly 
at the low temperature. At 85° F. 
markedly less. especially on certain varieties. 
race 17A developed abundant telia on Williston Brown 
at 65° F. but only traces at 85° F. (Table 5). 


were transferred to the 
telia developed. 


formation was 


Thus 


temperatures on the abun- 
the greenhouse under 


Pante 5.-Effect of different 
dance of telial production in 
natural light" 








Production of telia at: 


Rust race and flax 


variety 65° F. 85° F. 


Ra e 1 
Bison Moderate 
to heavy 


Moderate 


to heavy 


Light to 
moderate 

Light to 
moderate 


Re dwing 


Race 174A 


Koto Heavy Light 
Williston Brown Heavy l'races 
Koto Redwing Heavy Very light 
(C, I. 1095) 


ace 4 and two trials with 
and two for Koto, Willis- 


Redwing. 


‘Based on three trials with 1 
race 17A for Bison and Redwing, 
ton Brown. and Koto 


No telia were observed in the field when the maxi- 
were 95° to 100° F. 


higher temperatures seem to depress telial develop- 


mum temperatures In general, 
ment. 
To ascertain the effect of age of host on production 


of telia, plants of Bison flax 15 days old and others 40 





208 PHYTOPATHOLOGY (Vol. 42 
days old were inoculated at the same time with race 4 cinia graminis formed and matured in the South failed 


Telia appeared first on the older plants 10 to 11 days 
after inoculation and on the younger ones about 4 days 
later. Moreover. telial product vas decidedly more 


abundant on the older plants 


Germination of teliospores and subsequent infection 
ot flax. Teliospores ot Ve 17DSs il collected in 
August and stored in cold chambers at 3° C. were 
tested for germination in Januar The material was 
kept in snow for 12 days. then subjected to alternate 
wetting, drying, freezing, and thawing: it was soaked 
for 24 hr. in water before it was used for inoculation 
in the way described by Cotter (1 for Puccinia gran 
inis. Pyenia and aecia developed on both stems and 
leaves at 65° and 75° I At 85°. with one exception 
when a single pycnium was noticed on one of 30 plants 
of Bison flax, pyenia and aecia never formed. The 
time required for the formation of pyenia varied, but 
they generally formed earliest at 75° | The devel 
opment of aecia was erratic, because the pyenial nectar 
was not transferred artificially Thrips in the green 


house sometimes transferred pyeniospores from one 


pycnium to another. At 75° | 1 first appeared 1] 


days after inoculation: at 65° | 14 davs after inocu 
lation. 
Other experiments were made 1 letermine whether 


differences exist in the viability of different lots of 
teliospores. One lot which ive se to race 17A 
was collected on Koto Hax at Vio 


at St. Paul. about the same time of year: both were 


inother on Bison 


stored at : ga oe The first lot germinated and in 
fected flax after two freezing. thawing. wetting, and 
drying treatments in January. but the second lot did 


not germinate before spring 

LONGEVITY OF TELIOSPORES ests were next made 
to ascertain whether teliospores germinate at the same 
time. or successively Telial iterial that had ge 


minated once was dried. wetted. frozen. and thawed 


and then used for subsequent noculations This 
treatment was repeated jour times during 20 days 
and infections deve loped Lite ich treatment Thus 
teliospores apparently do not germinate simultaneous 
lv. and telial material can produ successive infec 
tions. 

Teliospores of this san lot eft out of doors dur 
ing the winter. germinated on May 28. and pyenia 
and aecia developed. Hence cameluded that al 
though some teliospores might erminate in nature 
before flax is sown. there still would be viable telia in 
the field at sowing time 

VIABILITY OF TELIOSPORES RI ED TO CONDITIONS 
OF FORMATION AND STORAGI riksson 2 found 
that. in Puccinia graminis, onl liospores formed 
late in autumn are capable of germinating in the fol 
lowing spring. Johnson (9) also observed that telio 
spores of Puccinia graminis formed at 50° to 60° | 
germinated earlier and more a dantly than those 
formed at 70° to 80° | ind concluded that tem 
peratures during spore formation affect germinability 


Stakman et al. (12) found that teliospores of Pue 


to infect barberry. whereas teliospores formed in the 
South but stored during the summer and fall in the 
North produced good infections. They concluded that 
in cereal rusts. the temperature at which the spores 
remain after formation. rather than the temperature 
at which they are produced, determines their via- 
bility. 

lelial material of VWelampsora lini collected (Au- 
eust to November) from growing flax, sown at differ- 
ent times of the year, was stored under a shed in the 
field and also in a freezer at —3° C. Spore germina- 


tion was approximately the same in material from the 


two storage locations. and teliospores collected on 
\ugust 17 and oa October 21 germinated equally well. 
\s August temperatures were much higher than those 
in October and November. it is apparent that condi- 
tions under which telia are formed do not affect telio- 
spore viability. 

In experiments involving conditions of storage, 
some telia were placed at —3° C., others were left in 
the field. and siill others were placed in the labora- 
tory at 25°-27° C. Laboratory tests in May were fol- 
lowed by greenhouse infection tests. Stems bearing 
telia were soaked in water for 16-24 hr.. and thin 
transverse seciions were cut by hand and floated on a 
thin film of water in a Syracuse dish: germination was 
observed on 2 to 3 successive days. Teliospores stored 
at 3° C. germinated well and produced light infec- 
tions: those stored in the field in the open or under a 
shed germinated moderately well and produced light 
infections: but those stored in the laboratory for 7 
months germinated in traces only. Conditions of 
storage. therefore, seem to be an important factor in 
subsequent germinability. 

EFFECT OF LIGHT ON RUST DEVELOPMENT.—-Rust de- 
veloped better on greenhouse plants kept in full day- 
light than on shaded plants. In susceptible varieties, 
however, slight reduction in light has no appreciable 
detrimental effect. 

Four rows each of two susceptible varieties. Bison 
and Redwing. were sown in the field at University 
Farm on July 2. 1947. On August 4. when the plants 
were 9 to 12 in. tall and rust had spread over the 
plot from a neighboring field of rusted flax, notes were 
taken on rust prevalence and severity and_ partial 
shade was provided over parts of the rows by means 
of rectangular wooden slat screens about 7 ft. by 
| ft. Rust prevalence and severity in the shaded 
plants was compared with that in plants exposed to 
sunlight (Table 6). The temperature on August 4 
reached the rather unusual high of 100° F. and the 
relative humidity was 20 per cent during the day. 
Prevalence of rust was 100 per cent. but very soon 
most of the rusted leaves dried as a result of the hot, 
dry weaiher. \fter 6 days prevalence and_ severity 


were considerably lower. and there Was no difference 


in the amount of rust in the shaded and nonshaded 
plants. After another week. rust had declined still 
more because of continued high temperatures. but 
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there was slightly more rust in the shade, apparently 
because leaves were somewhat protected against rapid 


drying. Weekly observations were made thereafter. 
The hot weather continued until August 23 and rust 
declined. both in the sun and under shade, until 


there were only traces. Temperatures dropped on 
August 24 and continued low for the ensuing two 
weeks: rust slowly developed again, with greater 
severity in shade than in sun, possibly because of 


delayed maturity of plants under shade. Tempera- 


tures rose on September 8 and 9, and again rust 
severity declined, more rapidly in the open than in 
shade. 

It is concluded that at temperatures below 90° F., 
rust prevalence is greater on partially shaded plants 
than on The 
are: 1) the rusted leaves are protected from drying 


out rapidly, 2) a greater 


nonshaded ones. reasons apparently 


percentage ot urediospores 


retain viability, and 3) the partial shading delays 
the maturity of the plants so that the rust continues 
At 95° to 100 


is suppressed equally in shaded and nonshaded plants. 


to develop longer. F., however, rust 


Pante 6. Effect of partial shade, provided August 4, 
1947. on rust development on Redwing flax in the 
held 

femperature Percentages" of (A) rust pre 
("F.)* valence and (B) rust severity in: 
Dat Min. No shade Partial shade 
\lean and 
max. \ B \ B 

Aug 

| 66-88 54-100 100 12 100 12 
10 76-88 60-100 27 7 27 7 
17 70-87 3-96 13 6 23 7 
24 73-85 68-95 } 3 Y 7 

se pl 

2 62-73 50-88 } rr ) 2 

j 67-75 76-89 17 7 Ho 16 
16 95-83 8-94 I'r rr 10 5 
‘ Temperatures during the interval between one obser- 


vation and the next. 


Average of three replicates. 


Discussion.—-Temperature and humidity appear 
to be the most important meteorological factors that 
affect the development of Melampsora lini, light being 


of secondary importance. 


Urediospores of M. lini can germinate between 33 


and 77° F. At the optimum, 60° to 65° F., uredio- 
and germ 


and 40° F. 


spores usually germinate within 11% hr. 


tubes grow most rapidly. Between 35 


d laved: observed 


germination is much none was 
within 6 hr. The germination percentage decreases 


at 70 to “3 Ik. and continues to decrease at 76 
to 47” F. 

The minimum time required for infection is 3 hr. 
infections occur over a tem- 
After 


however, rust can develop fairly well 


and an equal number of 


perature range from 65° to 75° F. infection 


has taken place. 
between 50 


and 85° F., with the optimum about 75 
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The incubation period is shortest (6 days) at 75° 
to 85° F., and sporulation is abundant on the 12th 
day after inoculation. At 65° the incubation period 
is 8 days; subsequent rust development is relatively 
slow and sporulation is not heavy before 16 days. At 
50° F. 
then develops slowly. At 37 
is lengthened to 44 days and sporulation is sparse; 


the incubation period is about 12 days; rust 
F. the incubation period 


the infection type tends to be depressed at low temp- 
eratures, and uredia are minute. Although infection 
seems to occur about equally well from 65° to 75° F., 
at higher temperatures, 
Within this 


range the incubation period is shortest and sporula- 


rust develops more rapidly 
the optimum being from 75° to 85 
tion is most rapid, but at 85°, and above, the rusted 
leaves tend to dry and the rust does not persist. 

Field observations support the results of experi- 
ments on the effects of temperature on rust develop- 
ment. With sufficient rain to permit infection, rust 
develops and persists best at moderate temperatures. 

F. does not 
The mycelium 


Even the very low temperature of 37 
permanently inhibit rust development. 
can persist in the flax plants and sporulate quickly 
return of favorable temperatures. As an 
example, no rust appeared on inoculated plants kept 
at 37° F. for about 44 days, but when plants were 
transferred to 68 
High temperatures, however, have a 
deleterious effect. At 85° F. or 
leaves tend to dry and when the temperature is 
or higher for 2 or 3 days, with low relative humidity, 
rust is drastically suppressed. There are three prin- 
cipal effects of high temperature on the host and the 


on the 


» 


the pustules appeared in 1 to 3 
days. perma- 
above, rusted 
92 


nently 


pathogen. The rusted leaves dry and the potential 
inoculum is, therefore, considerably reduced; necrosis 
develops around the pustules, and these dead areas 
then be 


especially 


may overgrown by secondary organisms, 


if high temperature is followed by rain. 
There also appears to be a pronounced effect on the 
longevity of the urediospores. On an average only 
9 per cent of the urediospores collected from healthy 
pustules in the field germinated when the maximum 
temperature had been 98° to 100 


the relative humidity 


F. for 2 days and 
was low: but urediospores col- 
lected from dried leaves usually did not germinate at 
all. 

Temperature affects the development of teliospores 
and their viability in important respects. Telia form 
best at 65° to 75° F.: at 85 
suppressed, and usually they do not form in the field 
at 95 


their development is 


As the initial development of rust 
in the spring usually results from infection by telio- 
high anything else that 
limits formation of telia in one season, would tend to 


or higher. 


spores. a temperature, or 
reduce the amount of early infection in the following 
season. Conditions under which telia are formed do 
not seem to affect their viability. but conditions during 
dormancy are of considerable im- 
Very few telia collected from the field and 
about 80° F. 


their period of 


portance. 
germinated the 


stored for 7 months at 
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following spring, but telia kept out-of-doors or at 
—3 e) germinated well In areas where high tem- 
peratures often continue for a considerable time after 
flax harvest, many of the teliospores probably lose 


their viability. Moreovet tne iredial stage does not 


thrive at high temperatures. In Minnesota and neigh- 
boring States, on the other hand. moderate to low 
temperatures of fall and tel ible the teliospores 
to retain their viability until spr But teliospores 


of some races may germinate too readilv. before the 


flax is sown in the spring. and thus the amount of 
inoculum of such races may be reduced. 

The temperature during spi when the flax is 
sown is of considerable import e in the germina 
tion of teliospores. Besides fellospores require a 
period of soaking in water before they germinate 


and if the temperature is about 85° F. or above and 


the weather is dry. teliospore vill not germinate 
The most favorable conditions for the germination 
of teliospores and the subsequent infection of flax 
are timely rainfall and a tem ire of 65° to 75° | 

I rediospores of Melampsora cerminate between 
33° and 77° F. Twenty-four hr. after germination 
on water agar the germ tubes were longer at 59 
than at 42° and 73° F. Those of race 174A attained 
a greater length after 4 and 8 hr. than did those 
of race 1. 

Urediospores lost viability tew hours at LOO 
to 104° F. Partial shading ld did not iin 
tain viability at 98° to 100° F.. but did so at 88 


| rediospores irom dried lk ives 


to 90 F, 


usually did not germinate liospores matured 
earlier on plants at 85° F. than at 75° and 65°, but University FARM 
lost their viability earlier Sr. Patt, MINNESOTA 
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At 65- F. the incubation period was 8 days, at 75‘ 
and 85° F., Me 37" B 


was considerably longer; but it was greatly shortened 


6 days. the incubation period 


if the plants, after inoculation, were kept for 4 days 
at 75° before they were placed at 37 
plants kept abou? %. 


then transferred to 68 


Inoculated 
for varying lengths of time and 
developed uredia in 1 to 3 
days. 

The flax varieties Buda and Minerva were moderate- 


ly resistant to races 17A and 4, respectively, at 65 


F.. but were moderately susceptible at 85°. Rusted 
leaves started to dry 6 to 7 days earlier at 85° than 
at 65 KF. 


| days al 75 F. and subsequently exposed to 95 


Plants inoculated with rust and kept for 


to 99° for 30 hr. had only traces of rust. 
lelia 


abundantly at 65° and 75°, but not at 85°. They 


formed earliest at 75 KF, and developed 
were formed earlier and more abundantly in older 
plants. 

germinated and = produced infections 
but not at 85°. AIL telio- 


spores did not germinate simultaneously. 


Teliospores 
readily at 65° and 75 P. 
Teliospores differed in their viability. Those  pro- 
August germinated as readily 
Most of the teliospores 
collected from the field and stored in the laboratory 


duced in the field in 
as those produced in October. 


at about 80° F. for 7 months lost their viability before 
the next spring. 

Rust was drastically suppressed in the field) when 
higher for 2 or 3 
Partial 
delayed — their 


the temperature was 92° F. o1 


days and the relative humidity was low. 


shading of the plants in the field 
maturity and rust continued to develop longer than 


on nonshaded_ plants. 


and Pl. Quar., Div. Pl. Dis. Control, E-617. -27. 


1944, 





A FOOT AND ROOT DISEASE OF SAFFLOWER CAUSED BY PUCCINIA 
CARTHAMI CDA. ! 


M. L. 


A foot and root disease of safflower (Carthamus tinc- 


torious L.) that may seriously limit crop production 
is caused by a rust organism (Puccinia carthami 
Cda.). This disease was first noted in two commercial 


fields and in a disease nursery in western Nebraska 
in 1950 and resulted in an almost total loss due to the 
In 
1951 such infection was again observed in a disease 
the Scotts Bluff Field Station, Mitchell, 
Nebraska. These fields were in safflower the previous 


infection of the underground parts of the plants. 


nursery at 
Of 257 plants collected from the disease nurs- 
1951, 252 (98 


presence of rust pustules on the underground parts; 


season. 


ery on June 7, per cent) showed the 
of these, twenty-six (10 per cent) had infection on the 
tap roots and nine (4 per cent) on the lateral roots. 
Infection and production of pustules on roots by a 
To the best of the 


knowledge, a report of such a case is not 


non-systemic rust rarely occurs. 
authors’ 
known. 

Puccitnia carthami Cda. is considered primarily a 
parasite of leaves. Its occurrence was first noted in 
Nebraska 1947 (1). 
State in 1949 and 1950, 1 and 2 years after the intro- 
duction of Its 


sudden and widespread dissemination is assumed to be 


in Epiphytotics occurred in the 


safliower into the area commercially. 


due to its seedborne nature. Not much credence has 
been given the soil as a possible harborer of the organ- 
ism, however. 

ol of the 
stem has been produced experimentally in the green- 


Infection roots and underground parts 
house through use of infested seed or soil. For the soil 
infestation test, infected leaves were used as inoculum. 
after subjection to alternate freezing and thawing to 


break ot 


symptoms were produced by this method. 


dormancy the teliospores. Characteristic 

The primary area of infection extends from the tran- 
sition area to the cotyledons. Many adjacent pustules 
may coalesce to form a single large rust pustule. Lon- 
gitudinal cracking of the epidermal and cortical tis- 
sues of the infected areas is very frequent; some of 
this cracking is due to the adventitious roots that are 
sent out at the points of infection. These roots provide 
a means of prolonging survival. for wilted plants may 
revive following irrigation. 

The disease is damaging to seedlings as well as to 
plants. Earliest symptoms 


plants were in the 6- to 8-leaf stage. 


noted when 
The first 


discoloration of 


older were 


evi- 


dence is a slightly yellow leaves ac- 


companied by drooping or wilting. Seedlings often 


die suddenly without exhibiting aboveground symp- 


1 Accepted for publication December 27, 1951. 

- Approved by the Director of the Nebraska Agricultural 
Experiment Station for publication as Journal Paper No. 
546. 
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Schuster and D. W. Christiansen 


Fic. 1. 
ground parts of safflower. A. Transverse section of lateral 
root showing rust infection. Note presence of the rust pus- 
tule and intercellular mycelium. About 200%. B. Trans- 
verse section of underground part of stem exhibiting in- 
ternal sporulation of Puccinia carthami Cda. Note presence 
About 100%. 


Photomicrographs of transverse sections of under- 


of teliospores in lysigenous-like cavities. 


Initial infection on the hypocotyl usually causes 
hypertrophy. <A distinct bending of the hypocotyl is 
if lateral Part of this 
hypertrophy is due to an increase of rust mycelium 
The pyeniseal stage has also been 
noted on the stems of 8 to 10 weeks old plants. No 
bending of these older organs resulted. Prasada and 
Chothia (3) occasionally found infection only on ten- 


toms. 


evident infection is present. 


intercellularly. 


der stems of 3 to 4 weeks old seedlings. 

In older plants, girdling of invaded areas is charac- 
teristic. This is the result of collapse of tissues in 
later stages of development. These plants are erect 
due to the stiff stem, but the leaves of the plants are 
generally in a wilted condition. During windstorms or 
rains these plants often break at the girdled areas. 

Histological studies of stems and roots frequently 
showed the presence of internal sporulation (Fig. 1). 


As high as 19 per cent of the 133 seedlings revealed 





212 


the presence of one or more su 
of these spore po kets are isolated 
connections to the surface-bor 
comprise a single cell 

the degree ot development S. 
plants containing internal 
centripetal pressure of the develo] 
mental in rupturing the cell wall 
type found; large pustules appar 
coalescence ot adjacent and sin 


appearance of lysigenous cavities 


tion is most common i! 
ally is found in the stele of 





underground parts revealed if 
Cda. produces all the spore tor! 
The pyenia appear in 10 to 
seed infested with teliospores;: the 
dent 3 to 4 days later. Prasada an 
reported recently that this rust 
brachyform type. We have inde; 
same observations. 
Darpoux (2) and Prasada 

ed 100 per cent control of seed 
organic mercury preparatio 
indicated that spore load may 
in the effectiveness of seed treatm 
seed lot averaging 102 teliospor 


oz./bu of Ceresan M (ethyl 


Doran and Bourne ifter 
cnions with Bordeaux mixture 
control, decided that althoug 
could be delayed somewhat 
justify recommending the pract 
came to similar conclusions 
pieces of field work over the past 
ly isolated reports of success 
mildew in Michigan® and other o1 
Texas (letter from G. H. Godt 
terest in onion blight contro 
has recently been achieved wit 
cides.4 it was decided to con 
D-14) with DDT. with Heptacl 


I Accepted for publ ition D 
2 Doran, W. L.. and A. J 
dusting experiments. Mass. As 
176-185. 1931. 
3 Nelson, Ray. Contr 
cides. ( Abstr.) Phytopatl | 
4 Rawlins, W. A., and M .s 


thrips control. Jour. Ec. Ent. 44 4 


5 Thanks are due M. J. S 
valuable field assistar 


pust iles 


Microscopic examinations of para 


14 day 
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fonanilide) did not effect complete control since little 
more than 2 per cent of the seedlings were rusted. 
Seed treatment of another lot with 14 spores per seed 
gave complete control. It is assumed that the heavier 
spore load in one lot of seed was mainly responsible 
for obtaining only partial control. 

Seed treatment was ineffective for control of the foot 
ind root phases of the rust when infection took place 
from infested soil. In two greenhouse tests, treated 
seed produced 89 and 69 per cent rusted seedlings: 
the untreated seed in both cases produced LOO per 
cent diseased seedlings. In field tests. control by seed 
treatment was negligible as 98 per cent were rusted on 
the underground parts as well as on the leaves. These 
data indicate that the rust inoculum mav_ definitely 
overwinter in the soil and thereby he economically 


important. Darpoux (2) reported that P. carthami 


lives over mainly on the seed as teliospores.  Prasada 
and Chothia (3) reported that debris from infected 


plants may furnish inoculum for subsequent infections. 
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to try them in a full-scale program and see if the 
returns justified the expense. Farmers willing to spray 
ind to dust were asked to leave check plots in addi- 
tion to a number of small-scale replicated field plots.® 
Some were given one or both of two special dust 
mixtures containing 7 per cent Dithane Z-78 plus 
diluent (tale, pyrax. or bardon clay). or the same plus 
1) per cent dusting sulfur as recommended by Nelson 
in Michigan. An insecticide. 3 to 5 per cent DDT in 
most cases. Parathion in some, 3 per cent Heptachlor 
in one. and TEPPS in another, was included in nearly 
all applications. Several growers obtained their own 
Dithane in liquid or dust form from local dealers 
with and without 3 per cent DDT. On one farm 
Liquid Parzate was compared with manganese ethylene 
his dithiocarbamate in two replicate plots with checks. 
Parathion was included when needed to keep down 
thrips. 

Pests in 18 fields on 16 farms in six counties began 
late in June. A weekly schedule was maintained in 
most cases but in a few instances, when mildew 
threatened applications were stepped up to 5-day 


ntervals and on one farm when a sprayer broke down 
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three applications 
In other words, the 


leaving a 10-day interval. were 
made subsequently in one week. 
work was done mostly by farmers, under the writers’ 
close supervision, in the most practical manner suited 
to each farm condition. Most growers put on five to 
seven applications, though one put on nine, one twelve. 


Dust applications were generally 


and two only three. 
made in the evening or early morning at 30 to 50 Ib. 
per acre per application, sprays at 100 gal. per acre 
plus zine sulfate ac cording to manufacturers’ directions. 
Because a few sprayers for weed control were unable 
to apply this amount of liquid, the concentration of 
Dithane D-14 was stepped up correspondingly in these 
Most had 


nozzle over each row and covered 8 to 32 rows, a 


cases. sprayers brush booms with one 
very 
few having two nozzles per row covering four rows. 
Blast developed rapidly over the entire State during 
rainy weather between June 30 and July 12. Mildew 
became a menace and damaged the crop on five or six 
of the 16 test farms. It 


fields where it was present, provided applications be- 


was well controlled on the 


gan before it became prevalent and were properly 


spaced to meet weather conditions, speed of new 


erowth. and amount of local inoculum. Incidentally. 


with the frequent early summer showers, fog, and a 
generally cool season, heavy losses from mildew were 
to be expected. However, a campaign has been waged 
for several years in New York to eradicate all plant- 
infected with 


ings of perennial onions systemically 


Peronospora destructor. This has been done to elimi- 
nate proximate sources of primary inoculum and has 
been an important factor in delaying onset and re- 
ducing losses from mildew. 

Counts on checks and treated plots showed thrips 
failed to develop to any great extent. They were held 
down by frequent rains and by low night temperatures 


much of the summer. Benefits from the program were 


therefore attributed very largely to the control of 
blast. 

In all cases treated plots stayed green 2 to 4 weeks 
longer than the checks and were conspicuously freet 
from the principal symptoms of blast. yellow leaf 


speckling and tip burning. 

The average vield of 24 treated blocks was 81] bags 
(of 50 lb.) compared with 644 for the same number 
of checks, a 26 per cent increase. The average num- 
her of applications on these farms was 6.9. The in- 


creases over checks on the farms where twelve, nine, 
six. five. and three applications were made respectively 
do not clearly indicate that yield increases are closely 
related to number of applications: other factors may 
he important, such as timing. Even three applications, 
when two of them were made just before July 6, gave 
a 165-bag increase in one instance. There were othet 
examples of conspicuous benefits from one and two 
well-timed applications between June 29 and July 4. 
and the one man who put on 12 applications could 


see no benefits until rather late in the summer. 


The Z-78 dust was directly compared with liquid 


D-14. both with insecticide, on three farms in repli- 
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cated plots. On one farm five applications, on another 
six, and on the third 12 of each material were made. 
Spraying five. six, and 12 times resulted in increases 
243, and 246 bags (43, 43, and 
dusting the same number of times gave 
increases of 196, 189, and 183 bags respectively (29, 
30, and 3] 


in our program but one grower obtained an increase 


977 


mids, 


over checks of 
10 per cent): 
per cent). Dusting from the air was not 
of 167 bags or 25 per cent from six applications of 
10 per cent Dithane Z-78 plus 3 per cent DDT dust. 

The value of 30 per cent dusting sulfur in the 7 
Dithane Z-78 dust 
field at Elba on five replicate plots dusted six times 


per cent was tested on one 6-acre 


in the evenings. Increases of 162 and 157 bags re- 
spectively for the dusts with and without sulfur indi- 
cated no important benefit from its addition. 

Many growers have thought that wheel injury would 
On 
four farms the extent of wheel damage as reflected in 


be too great to justify spraying or dusting onions. 


yields from different rows showed that this damage 
may vary from 3 to 14 per cent, due chiefly to kind 
of equipment and number of wheel acre. 
Several left 18- to 20-in. for the 
wheels. and on two such fields the wheel rows yielded 
the On 


mounted on a tractor and good wheel guards were 


rows per 


growers spaces 


most. one farm where a 9-row duster was 
provided, even where all rows were 14 in. apart, the 
wheel damage was only 3 per cent or 29 bu. per acre, 
while the over-all gain from treatment amounted to 
160 bu. or 18 per cent. 

The early crop. grown from sets, was dusted five 
times on one farm in Orange County, and on another 
in Madison County four applications of dust and spray 
were compared. The yields were reduced 5 per cent 
in the first and 14 per cent by dust 
and spray in the second, probably chiefly from tractor 
damage. It that blast and mildew 


10, to be much of a factor in 


instance and 4 
was concluded 
occurred too late, July 
affecting yields of sets, which is one important reason 
why growers have found it has paid to grow early 
onions in these two counties. 


On one farm where nine applications of spray were 
made and where mildew was probably as important 
as blast. three rows were inadvertently sprayed twice 
on the first three dates of application so that they 
received 200 gal. per acre. These were very impor- 
tant applications. The appearance of and yields from 
these rows indicated better control resulting in a 28 
per cent increase over checks, compared with 20 per 
for the other 


cent rows. It was frequently observed 
that. even with 4 to 6 oz. of a good wetting agent 
(usually Triton B-1956), onions are never really 
drenched when only 100 gal. per acre are applied. 


\lore experiments with dosage rates and concentrates 


would be desirable. 


Many growers can give cogent reasons for prefer- 
ring to dust either with ground equipment or by air- 


plane. But in this one season’s work nine sprayed 


fields gave an average increase in yield over checks of 


180 bags (31 per cent), compared to 138 bags for 
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eight dusted fields (22 per cent For blast and portance. Moreover, it appears that we now have a 
mildew control evening is believed to be the best time combination  fungicide-insecticide program recom. 


mendable for mildew, blast, and thrips control. Only 


for dusting. 
DDT and Parathion are currently recommended for 


The control of blast by nabam and zineb. togethe1 
with other information. makes it likely that much of thrips. 
what has been called blast fo ears may very well CORNELL UNIVERSITY 
have been due to fungi hitherto believed of little im- IrHaca, New York 


\ PHYTOPATHOLOGICAL NOTE 


Bacteria in Apparently Healt Pinto Beans W. plates containing potato-dextrose agar. and incubated 
D. Tuomas. Jr.. AND R. W. Granam.—Bacteria and at room temperature for 5 days. All colonies arising 
fungi recently have been found in apparently normal from these plantings were separated and purified by 
plant tissues, contrary to results of early investiga- employing a dilution series. 
tors-. Hennig and Villforth® isolated several types of Six different species of bacteria were present. in 
bacteria from all parts of twenty-eight different healthy — jsolations from the field samples, with little apparent 
plants, regardless of stage of growth. Similar results difference in varieties: Xanthomonas phaseoli (Erw. 
were obtained by Marcus*. Tervet and Hollis? have Smith) Dowson, X. pPhaseoli var. fuscans (Burk- 
reported observing a mixed bacterial flora including holder) Starr and Burkholder, Corynebacterium flac- 
clostridial types in potato stems Sanford® also cumfaciens (Hedges) Dowson, C. fimi (McBeth and 
obtained several types of bacteria from potatoes and Scales) Jensen, C. helvolum (Zimmerman) Kissalt 
from stems of Phaseolus ilgaris | Isolation of and Berend, and a clostridial type closely resembling 
several bacterial types from pinto bean plants, ap Clostridium carbonei Arnaudi. These isolates of X. 
parently free from bacterial | t. stimulated the phaseoli were obtained from control plants in the 
present investigation creenhouse, Pathogenicity of all isolates was tested 

[solations were made from fifty apparently healthy by inoculating plants grown from certified seed of 
plants of two pinto bean varieties, U. I. No. 72‘ and pinto U. I. No. 78 in the greenhouse. Only isolates 
U. I. No. 78, obtained from separate fields near of Xanthomonas phaseoli, X. phaseoli var. fuscans, 
Windsor, Colorado, where only certified seed from and Corynebacterium flaccumfaciens were pathogenic 
Idaho had been used. Plants om certified seed to pinto beans. Isolates identified as C. fimi (McBeth 
of Pinto U. I. No. 78 planted in steam-sterilized soil and Seales) Jensen and C. helvolum (Zimmerman) 
were used in the greenhouse as control, Four-inch Kissalt and Berend differed from a published de- 
pieces of stem tissue were cut at primary leaf nodes scription® in that both organisms liquified gelatin more 
surface-sterilized with 1:1000 Het for 3 min. and rapidly than those described. Isolates of the clostridial 
rinsed in sterile distilled water. Four pieces of tissu type closely resembled descriptions of Clostridium 
were cut aseptically from ea piece, planted on ¢arbonei Arnaudi except that they all produced weak 

' ' , growth on maltose agar stabs. 

1 Published with the appr i I Director, Colorado : 

Acricultural Experiment Statior : Scientific Series No Presence of pathogenic species in apparently normal 
368. pinto bean plants poses an added problem in the 

* Berthold, E. Zur Kenntnis des Verhaltens von Bakter “control of common bacterial blight and bacterial wilt 
in Gewebe von Pflanzen. Jahr Ps aie i. , in pinto beans. A cool season had preceded the iso- 

3Hennig, K. and F. Villforth. Experimentelle Unter pinto. heat | Ie 180- 
suchungen zur Frage der Bactet ose in hoheren lations in this test, possibly preventing expression of 
Pflanzen und ihrer Beeinfflussung d “Leitelemente.” symptoms of these diseases, since the isolates produced 
Biochem. Zeitschr. 305: 299-309, 194 typical symptoms of bacterial blight or wilt on like 

agg ~ ag Pi nig “eer Wik: rg tig er plants grown under greenhouse conditions.—Depart- 
1942, ment of Botany and Plant Pathology. Colorado A & M 

5 Tervet. Tan W. and n P. H Bacteria in the College, Fort Collins, Colo. 
storage organs of healthy plants P pat 38: 960-967 
1948. ‘Breed, Robert S., E. G. D. Murray and A. Parker 

6 Sanford, G. B. The occurrence icteria in normal Hutchens. Bergey's Manual of Determinative Bacteriology. 
potato plants and legumes. Scient. A 8: 21-25. 1948 6th ed. The Williams and Wilkins Co., Baltimore, Mary- 

7 University of Idaho selectior ind. 1529 pp. 1948. 
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THE OCCURRENCE AND PATHOLOGICAL EFFECTS OF STEMPHYLIUM 
RADICINUM ON CARROTS IN CALIFORNIA ! 


i. 


I 


Drechsler. and (6) demon- 


Meier. 


strated the difference in spore morphology 


Eddy clearly 
between 
(M., D., & E.) Neerg. 
Alternaria porri (E\l.) Saw. f. dauci (Kuhn pro var.) 
Neerg. Nevertheless confusion remains in the Ameri- 
can literature to the identity and the 
pathological role of these two organisms. The effects 
Vacro- 


Stemphylium radicinum and 


with respect 
of both, for example, are often ascribed to 
sportum carotae Ell. & Langl., a species which Neer- 
gaard (8) lists as a synonym of his Alternaria porri f. 
dauci and Groves and Skolko (3) as 
(Kuhn) Groves & Skolko. 
accepts the 
Wiltshire’s recommendation (12) to place the name 
f. 
characterized by a long-appendaged spore, and is best 
S 


{lternaria dauci 
None of these investigators 
since they follow 


genus Macrosporium 


on the list of nomina ambigua. porrt {. dauci is 
known as the cause of a foliage blight of carrot. 
radicinum, in contrast. has no spore appendage and 
was described originally as the incitant of a black root 
rot of carrot. 

The present paper deals primarily with S. radicinum 
and with its effect upon carrot, but with reference to 
and in comparison with A. porri f. dauci. 
REVIEW LITERATURE.—Stemphylium radicinum 

Meier. Drechsler, 
{/ternaria radicina. They 
ot carrots 
They 


oO} 


was originally described by and 
Eddy (6) under the name of 
found it 
New York and in other eastern states. also de- 
leaf blight the field 


following artificial inoculation with conidia of S. radi- 


causing a serious stortage rot in 


scribed symptoms produced 
cinum but did not observe natural occurrence of this 
disease. However, they did report natural occurrence 
of leaf blight due to 4. porri {. dauci. 

Lauritzen (5) agreed with these workers that it was 
possible to produce a leaf blight by artificial inocula- 
like Meier et 
the only leaf blight he observed in nature was that due 
to the Alternaria. 

Lauritzen reported further that S. 
through 


tion with Stemphylium. However, a. 


radicinum 
the 


However, such infection occurred very 


was 


capable of infecting carrot roots un- 
injured skin. 
slowly and penetrated only a few cells deep in con- 
trast to the rapid deep decay which followed infection 
of a root through a wound. 


Mounce and 


ease of carrots caused by S. 


Bosher (7) described a seedling dis- 


radicinum. They showed 
that the organism was seed borne, that as much as 40 
per cent of seed in some lots was infested, and that 
seed treatment with 1 per cent ethyl mercury phos- 
phate or with spergon (tetrachloroparabenzoquinone ) 
fave almost complete control of seedling damping-off. 


Groves and Skolko isolated S. 


1 


(2 radicinum trom 
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Snyder 


seeds of carrot, parsley, and Curcubita pepo L. from 
Nova Scotia, Manitoba, British Columbia, Connecticut, 
Minnesota, and California. 

Black ret of carrots in storage caused by S. radi- 
cnum has been reported from Idaho by Virgin (9) 
and by KenKnight and Blodgett (4), but not leaf and 
stem blight. 

Neergaard (8) has reported considerable work on 
S. radicinum and states that “undoubtedly the fungus 
is found in all European countries. It is markedly 
and that international 
spreading of the fungus is unavoidable.” He further 
states that “the essential injurious effect of the fungus 


seed-borne. on account an 


consists In attacks on carrots in storage and the re- 
sulting decrease in their durability, besides a quanti- 
tative as well as qualitative lowering of yield in carrot 
seed crops.” He also reported that the main host of 
the fungus is carrot, but that it can attack celery. pars- 
ley, Ean 
and Godetia hybrida in artificial inoculations. 


Brassica oleracea Dianthus caryophyllus L. 


SEEDLING DAMAGE.—Carrot seed of the Nantes va- 


riety was received from a seed company which noted 
that percentage and that many 
seeds which had started to germinate were killed and 


germination was low 
mold. 


these seeds germinated on moist filter paper and on 


overgrown with Microscopic examinations of 
agar plates indicated that S. radicinum was responsi- 
ble for the seedling injury. Similar tests of other seed 
lots representing 38 varieties have shown infestation 
varying from approximately 1 to 20 per cent. None 
of the seed lots tested thus far were entirely free of the 
fungus. indicating that seed infestation is of common 
ot 
lings in plates with a spore suspension from a pure 
S 


occurrence. Inoculation germinating carrot seed- 


culture of radicinum resulted in the death of from 
90 to 100 per cent of the seedlings. 

Considerable pre- and post-emergence damping-off 
of seedlings resulted when mercuric chloride treated 
seeds of the variety Long Imperator were planted in 
steam-sterilized soil which had been infested. just prior 
to planting. radicinum, A 
complete loss of stand was not infrequent in some 


with a pure culture of S. 


tests. The lower end of the tap root of surviving 
plants was frequently killed producing a_ stubby. 
forked root similar to that often observed in field 
plantings (Fig. 1). All degrees of seedling failure 
have been seen in the field, including seed decay, 
damping-off. blackened hypocotyls and deformed roots. 

SUPERFICIAL ROOT SPOTTING.—Carrots grown in in- 


oculated soil, and which have survived pre- and post- 
emergence damping-off, developed small. black, super- 
ficial spots on the roots after 4 or 5 months (Fig. 1 A). 
These spots were most common in root scar areas, but 





216 PHYTOPATHOLOGY 








F 





Fic. 1. Root symptoms on carrot cited by Stemphylium 
radicinum and Alternaria porri { Laue \ Superh ial 
spotting and stubbing due to S. radicinum: B. Root spot 
ting due to A. porri f. dauci; C. Blackened crowns and 
petioles and superficial spotting due to S. radicinum; D. 
Wounded uninoculated root on left and inoculated root 
on right. (Note extensivi black rot of the inoculated 
root); E. Blackened crown of seed plant naturally in 
fected with S. radicinum: F. Bla rotted area due 


natural attack by S. radi: 


often occurred on other parts ot root whe re root scars 


were absent. This superficial spotting probably is 
similar to that observed by Lauritzen (5) on unin- 
jured roots as contrasted with the deepseated, black. 
root rot which resulted from inoculation of wounded 
roots (Fig. 1D, F). S. radicinum was easily isolated 
from these superficial spots; similar symptoms have 
been produced in four separate inoculation trials. This 
symptom also has been observed in commercial ca 
rots, especially when grown in the heavier soil types. 
Blackening of the crowns and petioles extending 4 
to 1 in. above the soil surface is often associated with 
root spotting (Fig. 1 FE). Sporulation of S. radicinum 
has been observed frequently on such blackened areas. 

Alternaria porri {. dauci also caused root spotting 


and blackening ot crowns and petioles ot carrots grown 
in inoculated soil, but usually did not destroy the tap 


root as did S. radicinum (Fig. 1 B The morphology 
of the two fungi is compared in Figure 2. 

SLACK ROOT ROT.—Inoculation of mature carrot 
roots with S. radicinum through wounds usually re 
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sulted in an extensive black root rot (Fig. 1 D) simi- 
lar to that reported by Meier, Drechsler and Eddy 
(6). Inoculation through wounds with spores and 
mycelium of Alternaria porri f. dauci also resulted in 
a somewhat similar black root rot, but increase in size 
of the rotted area was slower and less extensive than 
that caused by S. radicinum. 

Although this phase of the Stemphylium disease has 
not been common in crops grown for the roots, black 
root rot is often found in the roots of a crop grown 
for seed. It is assumed that mechanical injuries sus- 
tained by roots in the process ol digging, sorting, and 
replanting accounts for the higher incidence of rot in 
carrot seed fields. This also has meant that a source 
of inoculum for the contamination of seed is gen- 
erally present in the seed crop. 

FOLIAGE BLIGHT.—-Lauritzen (5) and Meier. Drechs- 
ler. and Eddy (6) demonstrated that S. radicinum 
was capable of inciting foliage blight of artificially in- 
oculated plants, but none of these authors observed 
natural occurrence of the disease. On four occasions 
in commercial crops grown for roots. March and No- 
vember 1950 in the Salinas Valley, October 1950 in 
the Lompoe Valley. and November 1950 in the Santa 
Clara Valley. foliage blight was observed (Fig. 3 A) 
which upon incubation in a moist chamber yielded 
abundant fructification of S. radicinum. In all in- 
stances except for field in the Santa Clara Valley, folli- 
age blight incited by Cercospora carotae (Pass.) Sol- 
heim was also evident. However, Cercospora blight 
was easily distinguished from the Stemphylium blight 
by the difference in symptoms. Foliage blight incited 
by 4. porri {. dauci was not found in any of the fields 
examined, possibly because of the moderately low 


seasonal temperatures prevailing. The foliage attack 


by S. radicinum was most severe on older outer leaves, 





Fic. 2. Spore morphology of S. radicinum and A. porrt 
f. dauci: A, B, C, and D. Conidia and conidiophores of S. 
radicinum A X 325, B & 195, ¢ 163, D x 20; E. 
Conidia of A. porrt {. dauci 163. Note extremely long 


appendage. 
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Petiole and umbel blight incited by S. radicinum 
roots: <A, 
B and C, 
Note darkened 


Fic. 3. 
in a 
Spotting of petioles and rotting of petiole bases; 


carrot crop grown for winter harvest of 


Blight of seed umbels on a bolted plant. 


bract leaves and umbelettes and seed stalk. 


having completely killed them in some instances. but 





also occurred on younger leaves near center of plant. 
UMBEL BLIGHT AND SEED INFESTATION.—S. radici- 
num also has been found affecting seed heads ap- 


(Fig. 3 B) on bolted plants of a 
Such at- 


browning and blackening of 


proaching maturity 
root crop being grown during rainy season. 
tacks were evidenced by 
seeds and other umbel parts. Seed produced on such 
blighted umbels was invariably contaminated or in- 
fested by S. 


lor seed produc tion. 


Although the 
other 


radicinum, but of course was out of season 


looked fot 


( ere ospora 


writers have consistently 


carrot carota 
(Pass.) Solheim. Alternaria porri {. dauci, and Phyto- 


(Ke ndrick } 


seed lots examined and cultured during the past two 


pathogens such as 


monas carotae Bergey et al. in commercial 


years, these organisms have not been recovered from 


such seed. The only fungus pathogen found with some 


regularity on carrot seed is S. radicinum. 


Other organisms commonly present on germinating 
carrot seed but causing no apparent damage are Rhizo- 
botryosum Wallr.. 
Groves & Skolko, 


{lternaria tenuis Wilt.. and Hormodendrum spp. 


pus nigricans Ehr., Stemphylium 


Stemphylium consortiale (Thiim) 


STEMPHYLIUM 
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Young carrot seedlings and wounded mature carrot 
roots were inoculated with ten different pure isolates 
of Stemphylium botryosum, Stemphylium consortiale 
and Alternaria tenuis respectively, but no damping-off 
or root rot occurred in any instance. These three or- 
ganisms appear to be distinct morphologically from 
S. radicinum as illustrated by Groves and Skolko (2) 
(3). 

No concentrated work on materials or rates for seed 
treatment has been attempted. However, in four trials 
treatment of S. infested seed with 1-1000 
5 minutes eliminated 


radicinum 
solution for 
the pathogen as judged by germination tests on moist 


mercuric chloride 


ylotter paper and agar in petri dishes. 

blotter ] 1 ag tri disl 

radicinum can attack 
The pre- and post- 


Discussion.—Stemphylium 
carrots in all stages of growth. 
emergence damping-off of seedlings and the rotting 
of mature roots before and after transplanting to seed 
fields are important phases of the disease in California. 
During 1950 fall season, following frequent rains, leaf 
and stem blight was prevalent, severely damaging the 
tops in some fields. 

Reddish to black spotting of root scars and other 
parts of roots of market carrots caused by S. radicinum 
has been confused to some extent with the symptom 
complex of carrot scab (1). However, the relative 
importance of S. radicinum as an incitant of scab is 
not known. 

Until the last few years most California carrot grow- 
ers have planted untreated carrot seed rather thickly 
in wide bands without suffering damaging losses of 
stand. With the present trend toward precision plant- 
ing in which single seeds are spaced at 1 to 1% in. 
intervals in eight rows on a bed, more attention must 
be given to seed-borne and soil-borne organisms which 
cause seed failure or damping-off, such as S. radi- 
cinum, 

The question arises as to how seed becomes infested 
with S. 
fruiting abundantly on diseased umbel parts in fields 
and umbel blight but only 
where the bolted plants of a crop grown for roots 


radicinum. The organism has been observed 


where leaf was present 


carried over into the rainy season. In such cases con- 


tamination of the seed (mericarps) during threshing 


would be unavoidable were the seed to be harvested. 


Stemphylium leaf and umbel blight has not been ob- 


served in carrot seed crops in California however, 


probably because they are grown so as to mature 
The only phase of 
the normal time 


Neverthe- 


during the dry summer months. 


the disease which has been seen at 


of seed harvest is rot of roots and crowns. 


less, seed harvested from such fields is often infested 
with S. radicinum. Many growers pull and stack 


mature seed plants in piles or windrows, and during 
threshing an occasional root is inadvertently passed 
through the with the heads. If 
roots have rotten areas containing mycelium and spores 
ot os. 


thresher seed such 


radicinum, seed may become contaminated. Ac- 


seed infection occur when wet conditions 


tual 
follow contamination of seed. but there is little op- 


may 
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portunity for this to occur during the dry California 


harvest period. 


S. radicinum and A. porri f. daucit have been com 
pared morphologically by Meier, Drechsler, and Eddy 
(6), Groves and Skolko (2 ind Neergaard (8). 
Comparison of the spore morphology of the two or- 
ganisms may be made by referring to Fig. 2. The 


iffers markedly 
from that of S. radicinum by having a long appendage 
at the distal end. 


spore of Alternaria_ porri 


Groves and Skolko (3) retained the name Alternaria 


radicina because of the tendency for this organism to 


ferm spores in short chains. S cinum may, undet 
certain conditions, such as when the substrate is weak 
in nutrients. form secondary and occasionally even 


tertiary spores which are budded from the ends of 


spores already formed Howey the most usual 


method of sporulation especially on carrot tissue, Is 
that in which each conidiophore bears one. two. 01 
occasionally three spores separately near the tip with 


Su h 


no apparent tendency toward chain formation 


spores are usually rounded off the distal end. but 


may be somewhat point 


Wiltshire (13) divided the ger Stemphylium into 


two subgenera. Pseudostemphy ind Eusten phy 
lium. Members of Eustemphylium are characterized 
by sarciniform conidia which usually have a main 
transverse septum in the middle accompanied by a 
pronounced constrictiot The conidiophore is usually 
knobbed at the tip: successive onidia are produced 
by growing through the knob instead of budding out 
from the sides of the conidiophor Psuedostemp! 

lium, on the other hand. is characterized by the pro 


duction of conidia whi re « efly oval to ell ps vidal 


without a pronounced constriction in the middle: sue- 


cessive conidia are produced budding from. the 
side of the conidiophors oT pre susly mentioned 
with respect to S. radicinun re the tips of conidia 


already formed. 
The authors believe that if é beenus. Ps 


Vol. 42 


stemphylium, is valid, S. radicinum should be. jp. 
cluded in that 


shire’s work (10) on saltation from Pseudostemphy- 


group. However. considering Wilt- 
lium to Alternaria and vice versa (11), it is possible 
that further work on natural variability of members 
of this group might indicate that some or all of the 
should be included in 


Pseudostemphylium types 


{/ternaria. 


SUMMARY 


Although originally described as the cause of a 
black root ret of stored carrots, Stemphylium radi- 
cinum is shown to be capable of attacking the car- 
rot in all stages of growth from the seed to the mature 
seed plant. The fungus has been found to be com- 
monly carried on carrot seed where its presence. on 
untreated seed, results in germination failure or seed- 
ling blight. 


for the roots may 


Below-ground infection of the crop grown 
occur as small superficial black 
scab-like spots or in stubbed or forked roots when the 
young tap root is killed; a petiole and foliage blight 
resembling that of Alternaria has appeared on crops 
being grown during the rainy season. Under such 
conditions the seed umbels of bolted plants may also 
be contaminated or infected, but since California car- 
rot seed crops are grown to mature during the dry 
season, seed infection is obviated. However. trans- 
planted roots grown for seed are often infected and 
he spores borne on infected roots or crowns of seed 
plants may contaminate seed during harvest or thresh- 
ing operations. These observations indicate the de- 
sirability of a carrot seed treatment. The morphology 
and pathology of S. radicinum is compared with that 
of common foliage blight pathogen of carrots, namely, 
{lternaria porri {. dauci. Other species of Stemphy- 


lium and Alternaria were found non-pathogenic on 


carrot. 


Division OF PLANT PATHOLOGY 
UNiversiry OF CALIFORNIA 
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\ GREENHOUSE METHOD OF 


EVALUATING RESISTANCE 


IN SAFFLOWER 


TO PHYTOPHTHORA ROOT ROT! 


Commercial production of safflower. Carthamus 


tinctorius L.. as an oilseed crop is relatively new in the 


United States. 


part of the Northern Great and 


The crop is grown under 


the Plains 
California both 
and irrigated conditions. In 1950, when approximately 


western 
dr \ -land 


The principal areas of production are 


100.000 acres were grown, root rot. caused by Phyto- 
phthora drechsleri Tucker? was one of the more 
important diseases affecting the crop. It was widely 


distributed and most damaging where 


varieties were grown under irrigation?. 


Numerous field) observations have indicated that 
saflower varieties differ in susceptibility to root rot. 
Nebraska 852. N9. and Indian are very susceptible 
whereas N8. N5. N4. and N3 are highly resistant and 


N6 is intermediate. 
varieties 


ot 


content 


Breeding programs for improvement in 


regard lo spine lessness. seed vield. oil and 


diseases are being carried on 


resistance to the major 

in the United States. Genetic sources of each of 
these desirable characteristics are available to breeders 
in the present varieties, selections. or foreign intro- 
ductions. Certain desirable crosses, for increasing oil 


content and yield, involve root rot susceptible varieties 


or selections of undetermined resistance. A simple 


and rapid greenhouse test for determining, in segre- 
gating progenies and selections, the resistance to be 
exper ted under field conditions favorable for severe 


the breeding Develop 


a test is described here. 


root rot would aid program. 


ment of such 
N8 N9. 


representing resistant and susceptible types respective 


MATERIALS AND METHODS.—-Varieties and 


ly. were used in most of the experiments. Resistance 


of several other varieties. N3. N4. N5. N6. and N852. 
as well as a group ol F., selections from crosses of 
N6 N8 and Nd N8 was evaluated in the final 
tests.” 

\ pure culture of Phytophthora drechsleri isolated 
from variety N852 at Scottsbluff. Nebraska. was used 


in all experiments. Inoculum was prepared by grow- 


ing the organism on 100 ml. of potato-dextrose broth 
500-ml. After 


in Krlenmeyer flasks. cultures were 


1 Accepted for publication January 10, 1952. 


“Erwin, Donald ¢ Phytophthora root rot safllower 
in Nebraska caused by Phytophthora drechsleri U. S. 
Dept. Agr. Pl. Dis. Rptr. 34: 306. 1950. 

* Thomas, C. A The occurrence and pathogenicity of 


some Phytophthora species which cause root rot of safflower 


U.S. Dept. Agr. Pl. Dis. Rptr. 35: 454-455. 1951 

!Thomas, C. A. Notes on diseases of some special 
crops in 1950. U. S. Dept. Agr. Pl. Dis. Rptr. 34: 391-392. 
1950. 

*The author is indebted to Mr. Albert Hoffman, Uni- 
versity of Nebraska, and Dr. C. E. Claassen, Western Oil 


seeds Company. for supplying seed for these experiments. 
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A. Thomas 


incubated eight days in the laboratory the mycelial 


mat was removed from each flask and triturated with 


200 ml. of tap water in a Waring Blendor for 5 
seconds, 

Plants were grown in the greenhouse during the 
winter in 6-in. clay pots filled with a mixture of 4% 
clay loam soil, 44 muck, and 14 sand. Filled pots were 
steamed for 4 hours about 1 week before planting. 
\pproximately ten plants were grown in each pot and 
usually four or more pots were used for each treat- 


ment. Plants in each pot were inoculated by pouring 
100 ml. 
the soil without otherwise disturbing soil or injuring 


of the mycelial suspension on the surface of 


plants. Preliminary experiments showed that plants 
ot were killed if 


was introduced into the stem through cuts. 


inoculum 
Noninocu- 


resistant varieties usually 
lated controls were included in each experiment. 

The effect of plant a 
termined by inoculating at the time seeds were planted 


ge on susceptibility was de- 


and again after periods of 1, 2, 3. 4, 5. and 7 weeks. 
Influence of temperature was studied by running 


experiments simultaneously in three greenhouse sec- 
to different 
sand beds regulated to different temperatures by soil- 


tions, each adjusted a temperature, in 


heating cables, and in constant temperature chambers 
provided with fluorescent lighting. The soil tempera- 
and 30°C. 


the chambers. 


tures used were 20. 25. Precise temperature 


control was obtained in whereas only 


average daily temperature approximating the above 
levels were obtained in the greenhouses and sand 
heds. 

Pots in all experiments were watered once daily 


In most experiments in the greenhouses 
The effect of 
additional soil moisture on root rot development was 


determined from pots set in saucers of water 2 


from the lop. 


pots were placed on gravel in benches 


in deep 
for the duration of the experiments. 

Weekly counts were made of the number of plants 
killed by root rot for a period of 6 weeks after inocu- 
lation. 

Resutts.—The data obtained from experiments 
dealing with the effects of plant age when inoculated 
and with soil temperature on root rot development in 
varieties N8 and N9 are presented in Table 1. The 
data represent the per cent ol plants killed by root 
rot 6 weeks after inoculation in a total of six experi- 
The 


ducted in the greenhouses. 


ments, data obtained from experiments con- 


sand beds, and chambers 


were combined since similar results were obtained in 
instance. 
At 25 and 30°C.. 


were killed by root rot when inoculated at planting 


each 


over 95 per cent of the N9 plants 


time and after 1, 2, 3, and 5 weeks of growth. N9 
was less affected at 20°C., particularly the 3- and 5- 
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TaBLE 1.—Effects of age i plants when inoculated and Taste 2.—Effects of soil moisture, soil temperature, and 
soil temperature on root rot development in resistant age of plants when inoculated, on root rot develop- 
8 and susceptible N9 safflower varieties ment in safflower varieties N8 and N9 
Pet pial killed by Per cent plants killed by root rot 
f eeks after six weeks after inoculation* 


Age of plants 


inoculated Temperaturt 


(weeks) e 3 N N9 
20 89.1 

0 25 0.3 97.0 

40) 9g 100.0 

20 10.2 78.7 

] 95 9 4 96.1 

x0 06.3 98.4 

20 6.3 88.9 

4 25 6 97.1 
30 54.6 98.1 

90) 4 74.5 

3 25 25.5 100.0 

0 27.4 97.1] 

20 0 38.2 

5 25 17.5 100.0 
30 3.8 95.9 

"Average of six experiments conducted in greenhouses, 


sand beds, and constant temperature chambers 


week-old plants. It appeared that satisfactory elimi 
nation of the susceptible N9 type could be achieved 
by inoculating plants at any of the above ages pro 
vided the soil temperature was 25 or 30°C 

At 20, 25, and 30°C. a high percentage of N8 plants 
were killed when inoculation was performed at the 
time the seed was planted. The severity of root rot 
decreased progressively at each of the three tempera 
tures as the age of plants inoculated was increased. 
The greatest decrease in severity was noted at 20 and 
25°C. with 1-week-old plants ind at 30°C. with 2-week 
old plants. At these points the resistance of N8 be 
came apparent. The disease was less severe on plants 


of all ages at 20°C. than at 25 or 30°C. The difference 
in severity at 25 and 30°C. was small on plants 2 or 


more weeks old. 


These experiments demonstrate the possibility of 


obtaining a good differential between resistant and 
susceptible types by inoculating plants a week or more 
old at 25°C. or 2 weeks or more old at 30°C. In 
another experiment. N8 plants were grown for the first 
2 weeks at 20 C. and then ted at 30 ( Fifty 
five per cent of these plants were killed by root rot. 
To avoid killing an €xcessive number of resistant 
types, plants two weeks old. to be inoculated at 30 C., 
should be grown at that temperature prior to inocula 
tion. 

Data from the soil moisture experiments are sum 
marized in Table 2. In st tances additional soil 
moisture provided by 2 i saucers of water increased 
the severity of root rot Although on the average 


killed by root rot 


less than 11% times mor =) 
t n were killed in the 


in pots of high soil moisture 
low moisture series. it was evident that tor more criti 
cal evaluations of resistance ample soil moisture is 


+ 
t 


S 4 


mn a =, =f development of 


necessary. The effec 


Age of lempera- 
plants ture N8 N9 
inoculated <2) Soil moisture” Soil moisture” 
(weeks) (high) (low) (high) (low) 
20 58.6 37.6 100.0 85.2 
0 25 5 51.7 96.3 92.6 
30 82.1 88.9 100.0 100.0 
20 13.8 6.7 88.9 62.1 
l 25 32.1 20.0 93.1 96.3 
30 70.0 55.0 100.0 100.0 
20 3. 0.0 96.6 76.0 
2 25 26.7 16.7 96.6 96.3 
30 30.7 20.0 100.0 86.2 
20 6.7 6.8 88.4 62.1 
3 25 30.0 20.7 100.0 100.0 
30 33.8 23.3 100.0 93.1 


Average of two experiments. 

All pots watered once daily from the top; in low soil 
moisture series pots were set on gravel in benches, in high 
moisture series pots were set in saucers of water 2 in. 
deep for duration of experiment. 


temperature and plant age when inoculated were 
similar in these experiments to those previously de- 
scribed. 

Table 3 shows the reaction of five varieties to root 
rot when inoculated at planting time and after 1, 2, 
3, and 4 weeks. This test was carried out in a green- 
house where the soil temperature was approximately 
25°C. Pots were set on gravel in benches. The re- 
action of the varieties agreed well with previous field 
observations. Variety N6 was classed as intermediate. 
N9 and N852 were susceptible and N8 and N3 were 
resistant. It was concluded that at 25°C. it was neces- 
sary to wait only | week after planting to perform the 
inoculations. 

The reaction of some F. selections from crosses of 
N6 x N8 and N4 x N8 as well as varieties N9, N8, 
N6, N5, and N4 was determined in a final test. The 
results showed considerable variation in resistance 
imong the F. selections. None of the selections were 
as susceptible as N852 or NO but some were more 
susceptible than N6. Certain others were classed as 
resistant. Field observations made on the root rot 
Taste 3.—Effect of age of plants inor ulated on root rot 


deve fopn ent in five varieties oft safllower 


Per cent plants killed by root rot. six 


\g of plants weeks after inoculation 
inoculated - 
weeks) N3 N8 N6 N852 N9 
0) 53.8 8.5 05.5 Q305 97.1 
l 23.8 10.1 39.3 97.1 97.2 
2 16.0 9.7 53.3 90.0 98. 
3 20.8 13.6 39.4 96.9 96.8 
] 20.0 


10.3 12.8 90.9 96.8 


*Soil temperature of 25° C., pots set on gravel in green- 


house bench. 
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rHOMAS: 


reactions of these same selections grown under irri- 
gation in the Imperial Valley of California in the 
spring of 1951 indicated that the greenhouse test gave 
a good evaluation of their susceptibility. 
Discussion.—The reactions of several varieties and 


selections to root rot in the greenhouse tests were 
field in Southern 
1950 1951. 


Most of the field observations were made on plants 2 


similar to those observed in the 


California and the Great Plains in and 


or more months old. The greenhouse work demon- 
strated that a resistant type such as N8 may be severe- 
ly affected if inoculated at planting time or even after 


] week, 


Root rot has not been reported as a serious seedling 


provided the soil temperature is 30° C. 
disease in the field; this is probably due to the low 
soil temperatures that prevail in the spring at planting 
Under some conditions, however, root rot could 
As the crop becomes 


time. 
be serious as a seedling disease. 
more widely grown it may be necessary to revise the 
standards of resistance. By varying soil temperature, 
soil moisture, and time of inoculation it seems possible 
to regulate the development of the disease in the 
greenhouse to produce expected reactions under dif- 
ferent field conditions. 
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Injury and Drying of Seed Corn in Relation to Emer- 
studies,” seed- 


F. were 


gence.’ J. E. Livincston.—In recent 
lings from corn seed dried artificially at 105 
more susceptible to attack by soil-borne pathogens 
than were those from ears dried on a rack in an open 


Koehler et al.*:4-° 


tainty as to whether this increased susceptibility was 


room. Studies by indicated uncer- 


due to physiological differences or to an increase in 
the number of injuries to the pericarp of artificially 
dried seed. Dimmock® has shown that artificial drying 
may cause an increase in amount of blistering of the 
pericarp, especially with immature seed. On_ the 

1 Published with the 
No. 544, Journal Series, 
Station. 

“Livingston, J. | 
germination of artificially dried seed corn 
Sta. Res. Bul. 169. 1951. 

3 Koehler, B. Hemp seed treatments in relation to dif 
ferent dosages and conditions of Phytopath. 6 
937-942. 19146. 


t Koehler, B.. G. H. 


approval of the Director as paper 
Nebraska Agricultural Experiment 


Effect of low temperature on the 
Nebr. Agr. Exp. 
storage. 


Dungan, and W. L. Burlison. Ma 


turity of seed corn in relation to vielding ability and disease 
infection. Jour. Amer. Soc. Agron. 26: 262-274. 1934. 
* Koehler, B., and G. H. Dungan. Disease infection and 


field performance of bin- and hangar-dried seed 
Jour. Amer. Soc. Agron. 32: 768-781. 1940. 

®Dimmock, F. The effects of immaturity and 
drying upon the quality of seed corn. 
Tech. Bul. 58. 1947, 


maize, 


artificial 
Dept. Agr. 


Canad 
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SUMMARY 


The experiments reported showed that resistance 
in safflower to caused by Phytophthora 
drechsleri Tucker, may be evaluated in the greenhouse. 
Plants were grown in steamed soil in 6 in. pots and 
inoculated with a mycelial suspension. Satisfactory 
elimination of the susceptible variety Nebraska 9 was 
obtained by inoculating at planting time or after 
periods of 1 to 5 weeks at a soil temperature of 25 
or 30° C. but not at 20° C. A high percentage of 
plants of the resistant variety N8 was killed at 20, 
25 and 30° C. when inoculated at planting time and 
at 30° C. A good differential 
between resistant and susceptible varieties was ob- 


root rot, 


when one week old. 


tained by inoculating plants a week or more old at 
25° C. or two or more weeks old at 30° C. High soil 
moisture favored disease development. The reactions 
of several varieties and selections in the greenhouse 
tests were similar to those observed under field con- 
ditions. 

Division oF Topacco, MEDICINAL, AND SPECIAL CROPS 
PLANT INDUSTRY STATION 

BELTSVILLE, MARYLAND 


NOTES 


other hand, Rush and Neal*® subjected seed harvested 
in different stages of maturity and treated with Arasan 
to a cold test and obtained differences in stand that 
were greater than could be attributed to such injuries. 

To clarify the role of injuries, ears from cross WF9 

M14 were collected 3 and 6 weeks after pollination. 
Half the ears were dried artificially at 105° F. until 
was reduced to approximately 12 


moisture content 


per cent, and half naturally in an open room where 
After careful 
hand shelling kernels were divided into three groups. 
The second was 


temperature varied from 25° to 30° C, 


One received no further treatment. 
injured by peeling a strip of pericarp 2-3 mm. wide 
From the third 
pericarp was peeled from near the crown on the side 
18 hrs. to 
facilitate removal of the pericarp, then planted in non- 


from over the embryo. group the 


opposite the embryo. Seed was soaked for 
sterile composted soil, as described by Livingston.” 
Planted seed was kept at 20° C. for 48 hrs. to facili- 
tate germination. Half the planting was then held at 
9° C. for 
20” C.; 
throughout. 


5 days, then returned to the greenhouse at 
the remaining portion was retained at 20° C. 


Data in Table 1 are similar to those obtained in four 


separate experiments. Injuries to the kernel resulted 


“Rush, G. E., and N. P. Neal. The effect of maturity 
ind other factors on stands of corn at low 
Agron. Jour. 43: 112-116. 1951. 


temperatures, 
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TABLE l. Effect of pericarp injury on seedling emergence 
of artificially and naturally dri: seed corr Twelve 


replications of 10 seeds each 


Drying method, Percentage rzence from seed 
experimental treat thus 
temperature, No pP irp removed over 
seed maturity injury Ey Endosperm 


Natural drying 
20° C. continuous 


3 weeks 99,2 9? 81.7 

6 weeks OF > 88.4 
5° C.. 5 days 

3 weeks 82.5 | bo. 

6 weeks 89.2 r 16.7 


Artificial drying 
20° C. continuous 


3 weeks 64.2 { Ss. 

6 weeks 90.8 1.7 18.4 
oe ¢€...5.days 

> weeks 0.0 } yA 

6 weeks 74.2 9,2 11.7 
‘Ears harvested 3 weeks after pollination 
"Seed planted in non-sterile soil at 5° C., held 5 days 


then placed at 20° C, 


in a markedly reduced emergence Reduction was 


much greater when injury was over the embryo than 
when near the crown on the side opposite the embryo 
Injuries, however, accounted for only part of the r 


duction in emergence. There were apparently physi 
ological differences between the artificially and natu- 
rally dried seed that affected their susceptibility to soil 


pathogens. Regardless of the point of injury, reduc- 
tion in emergence was much greater with artificially 
dried seed than with that dried naturally. This con 
firms previous observations=:* that germinating ke 
nels from artificially dried ears are more readily at 
tacked by soil pathogens. Maturity at time of harvest 
also proved important, the least mature kernels giving 
the poorest stand, particularly when artificially dried 


Cold treatment only served to increase the amount of 
stand reduction. 

It may be concluded from these data that there are 
physiological effects from artificial drying that en 
hance seedling susceptibility to soil-borne pathogens 
in addition to any possible effects of pericarp injury 


University of Nebraska. Lincoln. Nebraska 


The Bioassay of Ceresan M on Treated Oat Kernels. 
D. C. Arny. An agar-sheet method of testing uni 
formity of application of fungicides by seed treating 
machines has been described by Machacek.! A simi 
lar method for measuring the actual amount of fung! 
cide on treated seed has been devel yped to test further 
the accuracy of application. A quantitative test for 


Ceresan M? (adaptable to other diffusable materials 


1 Machacek, J. E. An agar-sheet method of testing the 
efficiency of seed treating machines Canad. Jour. Res 
(C) 28: 739-744. 1950. 

2 Active ingredient is ethyl mer 


lide. 


p toluene sulfonani 


Vol. 42 


HOLOGY 


can be made by the bioassay of Leben and Keitt.“ In 
their method the concentration of thiram was mea- 
sured through its relation to the diameter of inhibi- 
tion zones produced by blotting paper disks carrying 
extracted fungicide on agar plates seeded with Glo- 
merella cingulata (Stoneman) Spauld. and v. Schrenk, 

In tests made with Ceresan M the same assay organ- 
ism was used, but with treated kernels instead of blot- 
ting paper disks. For uniformity of size only primary 
kernels were used. These were pressed through the 
seeded agar to the bottom of the plate so that most 
of the surface of the kernel was in contact with the 
agar. The standards consisted of 50 gram samples of 
oats freshly treated with weighed amounts of Ceresan 
M equivalent, respectively. to 0.125, 0.25, 0.5, and 1.0 
ounce per bushel. Four to six plates with four kernels 
per plate were used for each standard and sample. 
The narrow diameters of inhibition zones were mea- 
sured. When the average diameter for the standards 
was plotted against the log of the concentration of 
Ceresan M, a straight line function was approached. 
The results for a test of an unknown sample were ob- 
tained by interpolation from the standard curve, or in 
a few cases by extrapolation. This method is not pre- 
cise because of the influence of such factors as size of 
seed, uniformity of application of fungicide. and 


| ABLE 1. Bioassay of the amount of Ceresan V on oat sam- 
ples treated by different processors using different 
makes of treating machines. Four samples from one 
day's run were obtained from each processor. 
Indicated Ceresan M on 
Seed Ceresan M sample 
Machine Application Range Average 


Processor 


oz./bu. oz./bu. oz./bu. 
Duster 0.50 0.03-0.07 0.05 
make A 2 0.33 0.08-0.16 0.11 
3 0.50 0.04-0.29 0.12 
| 0.50 0.09-0.20 0.18 
5 0.50 0.16-0.21 0.19 
6 0.50 0.16-0.38 0.26 
7 0.25 0).28-0.51 0.35 
8 0.50 0.15-0.70 0.42 
9 1.00 0.65-0.99 0.8 
Duster 10 0.75 0.04-0.12 0.07 
make B te 0.42 0.14-0.15 0.15 
0.40 0.16-0.23 0.19 
0.35 0).20-0.29 0.23 
12 0.38 0.37-0.47 0.43 
Duster 13 0.50 0.09-0.16 0.14 
make 14 0.50 0.19-0.55 0.36 
15 0.50 0.17-3.40 1.45 
Slurry 16 0.25 0.39-0.50 0.43 
make A 17 0.50 0.44-0.52 0.48 
8 1.00 0.50-1.02 0.85 
Slurry 19 0.42 0.19-0.38 0.26 
make B 20 0.50 0.52-0.70 0.65 


‘Three tests from the same machine on different days. 
(mount applied is average for the day's run. 


4 Leben, Curt, and G. W. Keitt. A bioassay for tetra- 
methylthiuramdisulfide. Phytopath. 30: 950-954. 1950. 
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elapsed time between treatment and test. A certain 
amount of unexplained inter-plate variation was also 
noted. However, with adequate sampling and replica- 
tion the method is accurate enough for practical use. 

Samples were obtained from twenty seed processors. 
Results of assays of samples are given in Table 1. 
Amounts of Ceresan M on kernels treated in dust ma- 
variable. 


chines were highly Most samples carried 


much less than the recommended 0.5 ounce. In two 
samples the amount was in excess of 0.5 ounce, which 
is wasteful of fungicide and possibly injurious to seed. 
With slurry machines the number of samples was too 
small to show that they are more accurate than dust 
machines. Two. slurry-treated samples carried more 


than the recommended dosage. However, the assay 


is not specific for Ceresan M. For example, in sam- 
ples from slurry machines previously used for thiram 
Ceresan M 


because of the high sensitivity of the assay organism 


treatment. the test for may be obscured 


to thiram. 


REPORT OF THE 43RD 


The American Phytopathological Society held its forty- 
third annual meeting at the Netherland Plaza Hotel, Cin- 
cinnati, Ohio, on December 10, 11, and 12, 1951. The 
Council met on December 9, 10 and 12. Business meet- 
ings were held on December 10 and_ 12. There were 


registered 501 members and guests. A total of 207 formal 


papers were presented, consisting of 176 original and 3] 


symposia papers. Four joint symposia with the American 
Association of Economic Entomologists and the American 
Society ol Entomologists dealt with Extension, Insect 
Transmitted Plant Diseases, Teaching, and Pesticides. A 


joint session was conducted with the Potato Association of 


America. Other symposia and conferences on Long Range 
Coordinated Control of Plant Diseases, Fungicide Collo- 
quium, Oak Wilt, All-Purpose Sprays and Dusts for Home 
Orchards and Gardens, and Stone Fruit Viruses were held. 
The original papers presented in 20 sections may be given 
a general classification as follows: Diseases of various 
crops and plants 76, Fungicides including Chemotherapy 
and Antibiotics 6. Physiology and Genetics 28, \ iruses 
27, and Nematology 9. 


The annual dinner, held at the Netherland 
attended by 277 members and guests. Entertainment was 


provided by Thor Kommedahl and E. G. Sharvelle. 


Plaza, was 


Council for 1952: 


\icNew, President (1 


Plant 


GeEoRGE L. yr.), Bovyee Chomp 


son Institute for Yonkers 3, 

Ne W York 

Weser, Vice-President (1 yr.), Agricultural 
Experiment Station, Gainesville, Florida 

S. E. A. McCatian, Secretary (3 yrs. expires 

Institute for Plant 


Rese ir h Inc 
Grorce F. 


1953), 
Bovee Thompson Research, 
Inc., Yonkers 3, New York 


A. EK. Dimonp, Treasurer of the Society and 


Manager of PHYTOPATHOLOGY (3 yrs. 


Business 
expires 
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There are several possible reasons for the frequent 
undertreatment. Undertreatment may 
intentional, either to cost or to 
avoid possible injury to the seed. Further, it may 
have been due to inherent inadequacies in the dust 


occurrence of 


have been reduce 


machines, such as irregularity in flow of dust and 
seed, difficulties in accurately calibrating the dust dis- 
penser, and removal of dust by the exhaust fan. In 
one machine tested a number of times it was found 
that the exhaust fan was removing one-half to two- 
thirds of the dust as the seed left the mixing chamber. 
\ comparison of the amount of dust used with the 
number of bushels treated over a period of time will 
show the general rate of application, but will not indi- 
cate uniformity of treatment or loss from the exhaust 
fan. 

This assay should be useful in determining the ac- 
curacy of seed treating machines, and these results 
that their 
Departments of Agronomy and Plant Pa- 
University of Wisconsin, Madison, Wisconsin. 


strongly suggest more care is needed in 
operation. 


thology. 


AMERICAN PHYTOPATHOLOGICAL SOCIETY 


Experiment Sta- 
Haven 4, Con- 


Acricultural 
1106. New 


1952), Connecticut 
tion, P. O. Drawer 
necticut. 

w. C. Price, 
(3 yrs. expires 
Pittsburgh 13, Pennsylvania 

James G. Dickson, President Elect, Department of 
Plant Pathology, University of Wisconsin, Madison 
6. Wisconsin 

James G. Horsratt, 
Agricultural 
Connecticut, 


Editor-in-Chief, 
1954), 
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University of Pittsburgh, 


President, Connecticut 
Station, New Haven, 


ee 
Retiring 
Experiment 


G. C. Kent, Councilor-at-Large (2 yrs. expires 1952), 
Department of Plant Pathology, Cornell Univer- 
sity, Ithaca, New York 

G. A. ZENTMYER, expires 


Councilor-at-Large (2 yrs. 
1953), Citrus Experiment Station, Riverside, Calli- 
fornia 
L. M. Brack, Northeastern Division, Brooklyn Botanic 
Garden, 1000 Washington Brooklyn 25, 
New York 
C. E. Cox, Potomac Division, Department of Botany, 
University of Maryland, College Park, Maryland 
S. M. Dietz, Pacific Division, Botany Department, Ore- 


Avenue, 


gon State College, Corvallis, Oregon 
FE. W. Hanson, North Central Division, Plant Path- 
ology Division, University of Wisconsin, Madison 


6. Wisconsin 

Coyt Witson, Southern Division, Department of Botany 
and Plant Alabama Polytechnic Insti- 
tute, 


Pathology, 


Auburn, Alabama 
Representatives: 
1.4.A.S. Council. H. C. Younec, Sr. 
M. Tucker (1952-1953) 
{merican Institute of Biological 
WALKER (4 yrs. expires June 30, 
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Division of Biology and Agriculture, National Research 
Council. Curtis May (1952) 

Food Protection Committee, National Research Council. 
Georce L. McNew (1952) 

Board of Editors, American Journal of Botany. A. J. 
RIKER (1952) 

American Type Culture Collectior H. H. McKINNEY 

Associates Food and Container Institute. H. H 
THORNBERRY 


Standing Committees: 


Donations and Legacies: FREEMAN Weiss, Chm.; N. J. 
Gippincs, P. P. Prrone, W. H. Tispat 

Extension: L. O. Weaver, Chm.; A. H. Bauer, C. f 
Bisuop, S. B. Fenne, R. J. HAskKett, J. E. Livine 
ston, C. E. Scott, E. G. SHARVELLE, ARDEN SHERI 
A. P. STEENLAND, J. C. WELLS 


Finances and Investments: W. H. TispAte, Chm.: A. 
E. Dimonp (ex-officio), FREEMAN Wetss, R. H 
WELLMAN 

International Cooperation: E, C. STACKMAN, Chm.; A. 


A. Brrancourt, K. S. Cuester, G. H. Coons, Car 
tos Garces O, W. F. Hanna, J. G. Harrar, Let 
Linc, H. A. Ropenuiser, J. A. STEVENSON, FREE- 
MAN Weiss, F. L. WELLMAN 
Phytopathological Classics: C. W. Booturoyp, Bus 
Mer., L. C. Knorr, Editor 
Placement: E. E. Honey, Chm. 


: J. P. Cuitton, M 
W. Garpner, R. J. HASKELL, 


S 
L. S. Hitcuner, R. S. 
R 


Kirpy, L. M. Massey, H. A ODENHISER 
Public Relations: THoMAS Sproston, Chm.; O. D 
Burke, K. S. CuHester, I. L. Conners, C. E. Cox, 
T. H. Kinc, Georcrk L. McNew. Paut R. MILLER 
3. D. Moore. G. K. PA 5. i 4. Younc., G. A 
ZENTMYER 
Plant Disease Preventior |. G. Leaca, Chm.; S. B. 
Fracker, Joun Harpison, E. B. Lambert, Paul 
R. Mitrer, E. G. Rex, E. C. STAKMAN, RUSSELI 
STEVENS 
Subcommittee on Regulate Fork and Foreigr 
Plant Diseases I G. Rex, Chm.: C. R. Or 
ron, L. O. WEA W. H. WHeecer, R. P 
WuHitt 
Subcommittee on Seed and Plant Material Certif 
cation: JOHN Harbison, Chm.: C. H. Arnot, 
Reiner Bonpe, L. C. Cocuran, JoHN T. Mip 
pLETON, H. C. Murpuy, W. H. WHEELER 


Special Committees: 


Fungicide Colloquiun R (| [ ITER, (hm Ne | 
Cowen, J. W. Heusercer, L. S. Hitcuner, R. H 


WeLLMAN, J. D. Wits 
Fungicide Nomenclature: G. A. ZENTMYER. Chm.: J. C. 


DuNEGAN, R. H. Gruenwacen, J. B. Harry, D. W 
PoweE.L, E. A. WALKER 

Membership: W. J. Jerrers, Chm.; A. E. Dimonp (ex 
officio), C. N. Crayton, A. W. Dimockx, W. J 
Hooker. THoR KoMMEDAHL. Curt Lepen. C. H 


Locspon, W. J. Martin, J. R. SHay, P. M. Simm 
MONDs, C. C. WERNHAM, L. K. Wricut, C. E. Yar 
Wood 
Nomenclature and Classification of Plant Viruses 
FRANK McWuorter, Chm.:; C. W. Bennett, L. C. 
Cocuran, JAMES Jounson, H. H. McKinney, A. 
FRANK Ross, FREEMAN WEIss 
Subcommittee on Virus T ype Culture Collection 
H. H. McKinney, Chm rT. J. Grant, F. O 
Hotmes, JAMES JOHNSON 
Publication of Special Material: E. L. LeCiterc, Chm.; 
DonaLp Cation, J. J. CuristiANsen, G. C. Kent. 
Georce L. McNew, W. H. Tispaut 
Sustaining Associates: S. J. P. Cuitton. Chm.: L. D. 
Leacu, C. J. Nuspaum 
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Teaching of Plant Pathology: W. H. Braconirr, Chm.; 
G. C. Kent, M. F. Kernxamp, J. G. Leacn, L. D. 
Leacu, THOMAS SprosTon, G. F. Weser 

Testing and Results of Newer Fungicides: A. G. New- 
HALL, Chm.; A. W. Dimock, J. M. HaAmitton, 
Bert Lear, W. D. Mitts, R. E. Witkinson 

Utilization of Plant Pathologists and Facilities in Na- 
tional Emergencies: H. H. THorNBeRRY, Chm.; A, 
L. Anperson, H. T. Cook, M. F. Kernxamp, C, H. 
Kincso.ver, J. G. Leacn, C. L. LEFEsvre, Paut R. 
Mitter, Rex Tuomas, J. C. WALKER 


Temporary Committees for 1952: 


Consideration of New Name: J. G. Horsratt, Chm.: 
G. W. Fiscuer, C. M. TucKER 

Program Symposia: C. M. Tucker, Chm.; S. J. P, 
CuHILton, Georce L. McNew 

Industrial Relationship: C. J. Krister, Chm.; L. G, 
Utter, R. H. Wertman, F. L. Winter, S. G, 
YOUNKIN 


Report of the Secretary. On December 1, 1951, the 
total membership was 1614, consisting of 133 life members, 
7 emeritus members (2 of whom are also life members), 
1348 regular members and 125 applicants. Reports have 
been received of the death during the year of five members, 
Donald E. Bliss, F. M. Blodgett, S. E. Crumb, Jr., John E. 
Kotila and Clifford H. Meredith. 

Copies of the Resolution supporting the establishment 
of a Federal Journal for the publication of research in biol- 
ogy and agriculture were sent to appropriate persons in the 
United States Department of Agriculture, the Treasury 
Department, the United States Senate and the House of 
Representatives. Also, copies of the Resolution stating the 
position of the Society with respect to the responsibility of 
institutions for publication of the results of research were 
sent to Department of Agriculture and Treasury Depart- 
ment officials, to the Chairman and members of the Execu- 
tive Committee and to the Plant Science Committee of the 
National Research Council, to members of the Advisory 
Board of the National Science Foundation, to Directors of 
the Agriculture Experiment Stations, and to the executive 
officers of 41 professional societies, institutions and founda- 
tions. Sympathetic replies were recetved in a number of 
Cases, 


S. E. A. McCa.ian, Secretary. 


Report of the Treasurer. Statement of account for 

the year October 1, 1950 to September 30, 1951. 
Receipts: 

Balance on hand, October 1, 1950 $7.605.22 

Membership dues 2,861.75 

Total Receipts $10,466.97 


Expenditures: 


Office of the Secretary 385.41 
Office of the Treasurer 685.29 
Dues, AIBS 1,000.00 
Expenses, Placement Committee 3.00 
Miscellaneous (refunds, etc.) 137.79 
2,211.49 

Balance on hand, Sept. 30, 195] 8,255.48 


$10,466.97 


A. E. Dimonp, Treasurer. 


Report of the Business Manager for PHYTO- 
PATHOLOGY. Statement of accounts for the year Oc- 
tober 1, 1950 to September 30, 1951. 
Receipts: 

Balance on hand, October 1, 1950 

Subscriptions & Member Subscrip- 
tions 16,637.59 

Special Assessment 3,515.00 


$11,930.20 
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Advertisements 3,061.33 
Reprints and Excess Illustrations 4,014.63 
Sales of Back Issues 2,103.42 


633.00 
1,100.00 
109.61 


Donations 
Sustaining Associate Memberships 
Interest on Investments 


Total Receipts $43.104.78 
Expenditures: 


Manufacture & _ Distribution of 


PHYTOPATHOLOGY $19,050.66 
Cost of Reprints 1,935.51 
Office of the Business Manager 682.76 


Office of the Editor-in-Chief 2,306.6! 


News Letter 


Office of the Advertising Manager 389.35 
Decennial Index 210.25 
Miscellaneous (refunds, ete.) 159.76 


25,102.52 


Balance on hand, Sept. 30, 1951 18,002.26 


$43,104.78 


Sinking Fund 
The principle amount of the Sinking Fund remained 


the same as for the previous year. 


First Mortgage Note, at 3.8%. with McLachlen 
Banking Corp. $ 500.00 
U. S. Savings Bond. Series G. No. M1905602G. 


24% 1,000.00 
Northwestern Federal Savings & Loan Ass'n. 
(certificate ) 
War Savings Bond, Series F (maturity value) 


2.000.00 
1,150.00 


Jefferson Federal Savings & Loan Ass'n. (accrued 
div. $159.98) 659.98 
District Bldg. & Loan Ass’n. (accrued interest 
$475.44) 1,975.44 
Nat'l. Permanent Bldg. Ass’n. (accrued interest 
$739.01) 2,739.01 
Perpetual Bldg Ass'n. (accrued interest 


1,320.06 


$320.06) 


Arlington & Fairfax Bldg. & Loan Ass'n. (ae 
crued int.—$213.43) 1,213.43 
Prudential Bldg. Ass'n. (accrued interest—$68.32 274.66 
12.832.58 
Less interest due PHYTOPATHOLOGY 1,976.24 
$10,856.34 

Family Finance Corp.—stock, 7 shares at par 


$1.00/share $7.00 
Lyman Memorial Fund 

This fund is obtained from voluntary contributions and 
now totals $4,272.13 including interest. This amount is 
invested with the Brookland Bldg. & Loan Ass’n. at 24% 
interest. 
Balance on hand October 1, 


1950 $4,167.32 


Dividends, December 31, 1950 and June 30, 195] 104.81 
4,272.13 
Less interest due PHYTOPATHOLOGY 


888.70 


$3,383.43 


PHYTOPATHOLOGY Contingency Fund 
Northwestern Federal Savings & Loan Ass’n. 
Interest 


5,698.68 
72.94 


ie er 4 


$5,870.92 


A. E. Dimonp, Business Manager. 
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Report of the Auditing Committee for the Fiscal 
Year, 1950-51: 

We have examined the books of the Treasurer of The 
American Phytopathological Society and of the Business 
Manager of PHYTOPATHOLOGY, for the period from 
October 1, 1950 to September 30, 1951. We found all 
receipts and expenditures, and all funds of this Society and 
of PHYTOPATHOLOGY, accurately recorded. 

Signed: Sau Ricuw 
H. Doucias TATE 


Report of the Business Manager of PHYTO- 
PATHOLOGICAL CLASSICS for the fiscal year, Octo- 
ber 1, 1950 to September 30, 1951. Number of copies of 
Phytopathological Classics sold during fiscal year is 94, 
having a total value of $84.25. One copy of classic 8 sent 
to Dr. L. C. Knorr for editorial use at no charge. Number 
classics on hand September 30, 1951: No. 1, None; No. 2, 
74; No. 3, 156; No. 4, 223; No. 5, 440; No. 6, 508; No. 7, 
478; No. 8, 650. 

Receipts: 
Cash balance on October 1, 1950 
Received during fiscal year 1950-51 
For classics sent out 


$770.37 


$69.25 


On accounts due in _ previous 
fiscal years $00.00 
$ 69.25 
$839.62 
Disbursements: 
United States postage $ 5.00 


$ 5.00 
Cash balance on Sept. 30, 195] 834.62 
$839.62 
Due on accounts September 30, 195] 
Present fiscal year $15.00 
Previous fiscal years 23.50 


Total due on accounts $38.50 


L. J. Tyter, Business Manager. 


Report of the Advertising Manager. Twelve com- 
panies carried 80 ads in 64.25 pages of PHYTOPATHOLO- 
GY during 1951. Twenty-one pages of non-paying ads in- 
cluded 11 pages of News. The gross income from these ads 
amounted to $2,772.09. Agency commissions and discounts 
for prompt payment made the income $2,382.27. Expenses 
of the Manager amounted to $288.99 leaving a net income 
to the Society of $2,093.28. 

L. J. ALEXANDER, 
Advertising Manager. 


Report of the Editor-In-Chief. In the 1128 pages 
of volume 41 of PHYTOPATHOLOGY 471 authors pub- 
lished 132 articles, 39 phytopathological notes, the annual 
report of the Society, and 261 abstracts, of which 169 were 
presented at the annual meeting of the Society while 13 ab- 
stracts were published for the Northeastern Division, 34 
abstracts plus 6 titles for the Potomac Division, and 45 ab- 
stracts for the Pacific Division. No space was allotted to 
biographies or book reviews because of the urgency of 
providing space for scientific manuscripts on hand. 

The backlog of manuscripts on hand at the beginning of 
the year has been reduced considerably. On November 15, 
1951 there were 34 manuscripts in press, 21 manuscripts 
approved by reviewers and in editorial process, 12 manu- 
scripts in need of authors’ revisions, and 18 manuscripts 
submitted to reviewers. Between November 30, 1950, and 
November 15, 1951, 15 manuscripts were withdrawn or 
were rejected. 

Two issues of volume 41 contain tables typed on an 
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electric typewriter and reproduced as zinc etchings rh 
very high cost of tabulated matter set letterpress type 
provoked the experiment to find an economical way of pub- 
lishing the many tables in manuscript 


journal. Unfortunately, other press 


submitted to the 
ses increased when 


the zinc etchings were used, and n economy was eftected 

Authors have been very cooperative in complying with 
editorial requests for condensation of manuscripts and as a 
result the journal served more author nd provided space 
for more scientific matter than ust Eight years ago 
volume 34 served 281] authors for 106 articles, 36 phyto 


abstract as a 


s 


pathological notes, and 118 


form of publication has been utilized well by members of 
the Society and probably will continue to be of great value 
while the Society is endeavor ng to t the ever increas 
ing costs of scientific publication 

The Ten-Year Index for 1941-195( ‘umes 31 throug! 
10, has been compiled by Ass ife¢ I itor Chor K ymme 
dahl and is in press. 

A two-column format has been adopted for volume 42 
and abstracts for the innual meetil =; well as several 
articles for the January issue | t in the ne 
type; it is hoped that better ut ition of space for illus 
trations and tables will be possible he editorial off 
wishes to acknowledge the man sses and services 
rendered by Business Press durit the years that they 
printed the journal. The excellent relations between Bus 
ness Press and the Society hay ee! ippreciated by t 
editor. Without doubt the new Editor Chief will experi 
ence a similar fine relationship h Monumental Printin 
Company. 

Once again the Editor acknowledges the financial as 
sistance of the Rockefeller Insti Medical Researc] 
the support and advice of the Editors and Associate Editors 
the splendid cooperation of the B Manager and th 
officers of the Society, and fir t excellent editorial 
assistance of Mrs. Ralph H. Brow: It has been a plea 
sure to serve The Ame rical P} topathoilogi il society i! | 


its journal. 


Report of the Editor of News. Bi ning ith 
January, 1951 number of PHYTOPATHOLOGY, a page of 
news items was published each mor h the exception of 
August when lack of new tems necessitated eliminating 
them from that issue. It is hoped tl ereafter enough items 
will be forwarded to th i t lepartme 

The decision of th Couns to | News in th 
Journal has functioned reasona he present dead 
line of 30 days from time of su py to publica 
tion and distribution of t ou = the Editor 
bring fairly recent items befo 

The Editor of News recor pro ents 

(1) The page for News sho ited in aen 

nite position in the Jourt ot shifted around 
among the pages : it is often over- 
looked. 

(2) If the new format per t Rn ws should be sted 

in the table of conte number of tl 


Journal; not by page, ntifie articles 
listed, but as a specif su is PHYTO.- 
PATHOLOGICA 


Journals. 


Zz 
j 


Report of Representative on the Governing Board 
of the American Institute of Biological Sciences. As 


a member of the Executive Co f AIBS and of the 


Committee on Associate Members, | e every reason to 
believe that AIBS is becoming fir established as a sound 
organization and the only one in the country serving Biol- 


ogy as a whole. While there hav peen delays ind dis 


appointments in establishing a new organization, the major 
problems have been overcome. Financial support from 
societies alone was not sufficient to set up an adequate 
working secretariat. The Governing Board, through its 
Executive Committee, approached the Rockefeller Founda- 
tion for assistance, and after presenting the aims, objectives, 
ind accomplishments to date, the Foundation has taken 
action to support AIBS with funds up to $40,000 for the 
next five-year period. The approach to industry for asso- 
ciate memberships has not been pressed up to now because 
it was agreed that we needed to stabilize our organization 
first. The Committee on Associates is made up of mem. 
bers from industry and from Societies. The first meeting 
to plan the program is scheduled for December 5. at 
Princeton. 

Che Committee on Publications, under Dr. Riker, has 
continued to do excellent work, which is bound to pay 
lividends in the future in the way of assisting journals to 


meeting mutual problems more effectively. Two very sue- 
cessful symposia on publication problems have been keld. 

AIBS has now sponsored two well-attended and success- 
ful gatherings for Societies interested in meeting in Sep- 
tember. Both the Columbus and Minneapolis meetings 
have been self-supporting through exhibit and registration 
fees. The next meeting at Cornell (1952) and the follow- 
ing one at Madison (1953) are being arranged. A.P.S. 
should seriously consider joining the 1952 meeting. After 
ittending meetings pretty regularly for 35 years I believe 
that our members, young and old, need the association, the 
contacts, and the broadening influence that such conclaves 
provide 

[he AIBS bulletin is now presented in a serviceable 
ind attractive format. To strengthen its content and broad- 
en its scope, a special committee has been set up to work 
with Dr. Hylander, Executive Secretary. 

The National Scientific Roster, insofar as_ biologists 
ire concerned, is still carried out by AIBS. This is a tre- 
mendous task but one which only the AIBS can do effec- 
tively and in the way it needs to be done. The Institute 
continues to serve as a center for clearing ONR research 


proposals, a project financed by grants from the Defense 


De partment, 


J. C. WALKER. 


Report of the Representative to the Division of 
Biolegy and Agriculture, National Research Council. 
Che annual meeting of the Division was held in Washington, 
D. C., on May 15, 1951. A mimeo report of activities of the 
Division was distributed to members of the Council. Work 
of the Division of particular interest to the Society in- 

udes: Support of AIBS; committees for screening appli- 


eants for Fulbright awards; participation in the develop- 
nent of the National Scientific Roster; continuation of 


e committee on publication problems, with A. J. Riker 
is chairman: continuation of a committee to assist in the 
solution of problems of the American Type Culture Col- 
lection: activation of a committee to de velop pl ins to insure 
the preservation of indigenous strains of maize, especially in 
Latin America. Dr. E. C. Stakman represents PHYTO- 
PATHOLOGY on the Agricultural Board of the N.R.C. 


Curtis May. 


Report of Representative to the Food Protection 
Committee. Food and Nutrition Board, National Re- 
search Council. The Society's representative met with 
the Food Protection Committee as a whole seven times 
during the past year and with liaison representatives of in- 
eties on two 


dustry, government, and other professional so 
n composing and 


occasions. The writer took the lead 


i 


editing a 20-page memorandum on the general subject of 
chemicals in food in which the necessity for use, and the 
benefits to be derived from use of fungicides and insecti- 


] 


cides was thoroughly elucidated. 
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During the year the Pesticide Subcommittee of the 
Food Protection Committee, which consists of Dr. C. E. F. 
Guterman, Plant Pathologist, Dr. George Decker, Entomolo- 
gist (Chairman), Dr. H. L. Haller, Entomologist of the 
U. S. D. A., Dr. L. S. Hitchner, Secretary of the National 
Agricultural Chemical Ass’n., and the Society’s representa- 
tive developed a syllabus on the use of pesticides, pointing 
out that they should be placed in a different category from 
intentional additives such as preservatives, antioxidants, 
emulsifiers, conditioning agents, flavoring materials, ete. 
It was also pointed out that although some of the pesticides 
are quite poisonous they are not particularly hazardous to 
the consumer as they are now being used and legislators 
must sharply differentiate between toxicity and hazard in 
setting up laws regulating their use and sale. 

This syllabus has been approved by the Food Protec- 
tion Committe and the liaison representatives, and has been 
released to the public. The Subcommittee is at present 
studying minimum requirements for registration of pesti 
cides with an idea of drawing industry and government en 
forcement agencies of the Production and Marketing Ad- 
ministration, U. S. D. A., into closer agreement and mor 
harmonious methods of operation. 

As the Food Protection Committee will continue in op 
eration for another year, a representative should be ap 
pointed for 1952. 

Grorce L. McNew 


Report of Representative on Board of Editors, 
American Journal of Botany. The American Journal of 
Botany is emerging from a most trying period during which 
it had a great deal of trouble with its earlier printer, in 
volving many delays. 

The new printer for PHYTOPATHOLOGY beginning 
in January, 1952, also prints the American Journal of 
Botany. the Journal of Forestry, and a dozen or so other 
technical periodicals. 

The representative has reviewed several articles, an- 
swered questionanires about editorial policy, and held two 
conferences with the Editor-in-Chief. The prespects for the 
future appear encouraging 


\. J. RIKER 


Report of the Committee on Donations and Lega- 
cies, The Committee on Donations and Legacies is unable 
to report any accomplishment this year. While partly due 
to the inactivity of the Committee, it is likewise the conse- 
quence of the action of the Council in raising dues retro 
actively by three dollars this year. This statement is not 
made in criticism of the Council’s action, but the general 
increase in dues undoubtedly shut off most of the volun- 
tary contributions that might otherwise have been made. 
The project of soliciting modest but regular annual contri 
butions from all Society members who feel inclined and 
able to make a donation was first launched by this com- 
mittee in 1950. Under the circumstances | do not think 
that the plan had a fair test, though it may well be that no 
alternative course was feasible. For the present it does not 
seem advisable to push this project until the effect of in 
creasing dues has been demonstrated. If increased dues 
provide sufficient unobligated income to cover the ordinary 
expenses of the Society, including publication of PHYTO 
PATHOLOGY, as well as providing some reserve for meri- 
torious special projects, there will be less need for en- 
dowed resources. In the absence of a demonstrated and 
really felt need for endowed funds, there is not much pros- 
pect of obtaining contributions. 

I recommend that the present chairman be relieved of 
this responsibility, and suggest that this Committee, to- 
gether with the Finance Committee, make a thorough study 
of the Society’s need for endowed funds, fixing a goal for 
this purpose as their assignment for 1952. When a definite 


MEETING 227 


policy has been established means can be sought the fol- 
lowing year for attaining the goal. 


FREEMAN A. Welss, Chairman. 


Report of the Extension Committee. Seventeen 
extension pathologists attended the annual meeting at Mem- 
phis, where two extension sessions were held. An _ inter- 
esting symposium, “Extension and Research Relationships 
from Different Viewpoints,” was well attended. The speak- 
ers included R. J. Haskell, Extension Service, U. S. D. A.; 
C. L. Lefebvre, Office of Experiment Stations, U. S. D. A.; 
R. M. Caldwell, State Experiment Stations, Indiana Experi- 
ment Station; O. D. Burke, State Extension Service, Penn- 
sylvania. In the general discussion, several points of vital 
interest regarding the importance of extension and its rela- 
tionship to research were discussed. In response to re- 
quests from the group, the speakers agreed to submit their 
manuscripts for mimeographing and distribution. This has 
been accomplished. 

Several commercial interests acted as hosts at the 
extension workers’ luncheon, which was followed by a round 
table discussion. Cotton seed treatment was fully covered. 
Several extension men summarized the subject matter in 
formal papers under the following headings: (a) diseases 
of cotton and peanuts, (b) vegetable diseases, (c) forage 
and legume diseases, and (d) fruit diseases. 


L. O. WeAver, Chairman. 


Report of the Committee on Finances and In- 
vestments. At the annual meeting in Memphis in Decem- 
ber, 1950, the Council recommended that up to 50% of the 
Society’s investments be liquidated and that common stocks 
be purchased with these funds. 

The Finance Committee has since made a study of the 
investments of the Society, and has made definite recom- 
mendations with regard to which holdings to liquidate and 
which common stocks to pure hase with the resulting funds. 

Steps were taken by A. E. Dimond and Freeman Weiss 
to see if the accounts specified for liquidation were fluid 
and available for investment in common stocks. Our finan- 
cial advisers were then consulted concerning investments 
in common stocks. As a result, a list of common stocks 
vas prepared and copies supplied to members of the Fi- 
nance Committee who approved of the stocks suggested for 
purchase. Our advisers suggested that a substantial reac- 
tion was expected in the stock market in the near future. 
This forecast reaction did not develop as soon as indicated, 
however. The Committee decided not to liquidate the 
investments until the time seemed right for purchasing com- 
mon stocks. 

Recently a sizeable reaction has taken place in the 
stock market, which may carry considerably further. How- 
ever, the Committee has decided to invest a part of the 
ivailable funds in American Telephone and Telegraph stock 
at the present time, and place purchase orders approxi- 
mately 5% below the present market for a few other care- 
fully selected common stocks. The total amount of the 
purchases are not to exceed 50% of the investment fund 
of The American Phytopathological Society. 


W. H. Tispate, Chairman. 


Report of the Committee on International Co- 
cperation. Despite the fact that there has been no meet- 
ing of the full Committee during the year, the Chairman has 
had opportunity to discuss Committee affairs and policies 
with a majority of the Committee members. 

As the Council agreed at the Memphis meeting to in- 
clude in our Committee several members of the Inter- 
American Committee on Plant Protection, with the under- 
standing that our Committee would collaborate closely with 
the Inter-American Committee, there has been considerable 
concentration on cooperative work in Latin America. 

Attempts have been made to organize certain specific 
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cooperative projects in Latin America. Dr. H. A. Roden 
hiser, U. S. Department of Agriculture, had already ob 
tained cooperation in several countries of Latin America for 


testing of wheat varieties on a large scale. To supplement 
this work, a smaller number of presumably disease-resistant 


varieties of wheat, oats, and barley, with adequate checks, 
was selected in cooperation with Dr. Rodenhiser for testing 
at a larger number of stations in Latin America. It is 
hoped by this means to obtain information regarding the 
distribution of known parasitic races of some of the most 
important pathogens and to find out whether exceptionally 
dangerous, but little known, ones exist in different areas. 
Seed has been sent to a number of countries, and it is ex- 
pected that in the next crop season valuable data will be 
obtained. The results will be made as widely available as 
possible. 


r way to make simi 


Preliminary negotiations are un¢ 
lar tests with other important crop plants such as potatoes, 
beans, and possibly tomatoes, Phe important thing is to 
collaborate on regionally important projects and to co 
operate through works rather than words 

The Inter-American Committee, in cooperation with 
similar committee of plant geneticists, has accepted the 
invitation of Brazil to hold a meeting there in the spring 
of 1952 for plant pathologists, economic entomologists, and 
plant geneticists and breeders. Preparations for this meet 
ing are under way. 

At the International Botanical Congress at Stockholm 


t 


the possibility of collaborating on projects of regional or 


international importance was discussed, and sentiment was 
strongly favorable. The Chairman hopes that some pro 
ects can be started during the ensuing year 

There have been preliminary negotiations with certain 
members of the Food and Agriculture Organization and of 
UNESCO with a view to cooperati n organizing regiona 
cooperation on plant disease and other closely related pro! 
lems, especially through the Fie Science Cooperation 
offices. 


EF. ¢ STAKMAN. Chairi 


Report of the Placement Committee. Dr. FE. | 


Honey, who has been doing most of the work. submits the 
following report: 

During 1951, the Placement ( mittee has continu 
to make every effort to place the applications of those plant 
pathologists who desire new employment into the hands of 
prospective employers. One hundred and twenty-three ap 


plications were sent to twenty-one prospective employers. 
Four employers reported that they had hired plant pathol 
ogists who were contacted through efforts of the Commit 
tee. Fifty-seven plant pathologists had their applications 
filed with the Committee in 1951. 

R. S. Kirspy, Chairmar 


Report of the Committee on Public Relations. 
The committee made contacts for five newspaper and maga 
zine stories during the year. Leading authorities in the 
various fields were asked to make irrangements with edi 
tors. The committee was interrogated on the new role of 
public relations. It was also requested to help in solving 
an internal public relations problem by a university. 

Without adequate funds it is difficult to establish con 
tacts and develop good public relations in a single year 
It is hoped that better organization can be developed in 
the coming year. 

THOMAS SprostTon, Chairman 


Report of the Plant Disease Prevention Commit- 
tee. The committee reports that the Bureau of the Budget 
and Congress did not provide financial support for putting 
into effect the comprehensive program of plant disease pre- 
vention worked out by the committee in cooperation with 


representatives of the Civil Defense Administration, the 
Department of National Defense, and the United States 
Department of Agriculture. The committee feels, how. 
ever, that the Civil Defense Administration, the military 
authorities, and high ranking officials of the United States 
Department of Agriculture are favorable to our recom. 
mendations for a program of plant disease prevention as an 
essential part of civil defense. 

A plant pathologist and a member of our society ig 
now employed by the Civil Defense Administration and js 
taking an active part in civil defense planning. When and 
if Congress decides to give substantial support to civil 
defense, we believe that defense against plant diseases will 
receive the attention it deserves. 

In the meantime, the U. S. Department of Agriculture 
and the various states have been requested to organize and 
carry out a crop pest reporting service, as effective as possi- 
ble with the facilities now available. You have been in- 
formed of this plan by Dr. Paul Miller, Pathologist in 
Charge of the Plant Disease Survey. The committee urges 
wholehearted cooperation in this program and will continue 
its efforts to bring about a more comprehensive program of 
plant disease pre vention. 

J. G. Leacu, Chairman. 


Report of Subcommittee of Plant Disease Pre- 
vention Committee on Seed and Plant Material Certi- 
fication. The Subcommittee wishes to go on record com- 
mending the Committee for Pathological Standards of the 
International Crop Improvement Association, for their in 
terest and expressed desire to receive suggestions, espe- 
cially in regard to measures that can be incorporated into 
seed certification procedures to reduce the dispersal of 
pathogens with seeds. To determine whether such mea- 
sures are available the plant pathologists in the country 
ire at present being solicited for opinions and information. 
The crops under consideration are those for which certifi- 
cation standards have been adopted by the I. C. I. A. These 
are alfalfa, bean. birdsfoot trefoil, clovers, cotton, flax, 
grasses, lespedeza, onion, field peas, peanut, small grains, 
sorghum, soybeans. tobacco, vetch and watermelon. — Pre- 
liminary results of this opinion survey indicate that more 
time will be necessary to obtain the needed information. 
The present project of the Subcommittee should be com- 
pleted sometime in 1952. 


Joun R. Harptson, Chairman 


Report of Subcommittee on Regulatory Work 
and Foreign Plant Diseases of the Plant Disease 
Prevention Committee. The Insect Pest Act of 1905 
authorized the United States Department of Agriculture 
to prohibit or regulate the importation of living insects. 
lo date this Department has no authority to regulate the 
importation of viable cultures of plant pathogens. Recom- 
mendations for the establishment of such authority were 
presented by The American Phytopathological Society 
(PHYTOPATHOLOGY Vol. 26, No. 5, May 1936, page 498) 
and in the “Remarks of Executive Secretary of the American 
Association of Nurserymen” at the central Plant Board 
Meetings, Toledo, Ohio, March 19 and 20, 1951. 

The Bureau of Entomology and Plant Quarantine of 
the United States Department of Agriculture has in prepa- 
ration a bill to amend the Plant Quarantine Act of 1912, 
said bill to have as one of its provisions the regulation 
of the importation, into the United States, of viable plant 
pathogens. 

The subcommittee on Regulatory Work and Foreign 
Plant Diseases, of the Plant Disease Prevention Committee, 
after consideration of this matter, recommends to The 
American Phytopathological Society, for its 1951 Cincinnati 
Meetings: (1) approval of the principle of the aforemen- 
tioned proposed bill, and (2) authorization, through a 
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suitable committee, to extend all reasonable assistance in 
this bill through its circuitous Congressional 
become a Federal Statute. 

E. G. Rex, Chairman 


pushing 
route to 


Report of the Committee on Resolutions. Be it 
resolved: 

1. That the members of The American Phytopatho- 
logical Society assembled for the 43rd Annual Meeting of 
the Society do hereby extend best wishes and sincere thanks 
and appreciation to Dr. Cornelius Lott Shear, now in his 
85th year, for his unselfish service and wise counsel through 
the years, as a charter member, as Secretary-Treasurer 
(1909-1918), during the Society’s early years, and as 
President in 1919. 

2. That the gratitude of the Society be expressed to 


those who have contributed to the success of the 43rd 
Annual Meeting, particularly to: 
a. The management of the Netherland Plaza Hotel 


for the friendly cooperation and assistance of Miss Mary 
M. Hesse, Director of Sales, Mr. James Murray, Assistant 
Director of Sales, and Mr. Otto Hecker. 

b. Mr. J. S. Turner, Executive Vice-President of the 
Cincinnati Convention and Visitors’ Bureau, and his secre- 
tary, Miss Maryjune Eckert. 

c. The Cincinnati Enquirer, the Cincinnati Post and 
the Cincinnati Times-Star for news coverage of Society 
affairs. 

d. Mr. Charles E. 
American Company, 
‘cigarettes. 

e. Misses Jean Ziegler, Gertrude Horton and Marion 
Osterdorp for assistance at the registration desk. 

f. Mrs. C. C. Allison for the original banquet program. 

g. Thor Kommedahl and Eric Sharvelle for 


tainment at the banquet. 


and the 
and 


Gage, Washington, D. C., 
for banquet 


Tobacco ( igars 


enter- 


h. The graduate students of Ohio State University 
for their services in operating projection equipment. 


i. The Committee on Local Arrangements, Stephen 
Diachun, C. W. Ellett, Thor Kommedahl, J. R. Shay, R. 
U. Swingle, J. D. Wilson, H. F. Winter and C. C. Allison, 
Chairman, for their careful planning and attention to de- 
tails of arrangements for the meeting. 

aS. 


c ma. 


KIRBY, 

TUCKER 
Elections and Appointments. { committee ap- 
pointed by the Council opened and counted the ballots for 
the elec tlon of new officers. George Fe MecNew was elected 
President; James G. Dickson, President Elect; George F. 
Weber, Vice-President; and George A. Zentmyer, Coun- 
cilor-at-Large. 

The Council recommended and the Society approved 
the appointment for 1952-1954 of W. C. Price as Editor- 
in-Chief of PHYTOPATHOLOGY, of L. M. Black as 
Editor, and of W. B. Allington, A. W. Dimock, Glenn S. 


Pound and Roger U. Swingle as Associate Editors, and 
also W. F. Jeffers as Associate Editor for 1952 to fill the 
unexpired term of Coyt Wilson. 

The Council and Society expressed to the retiring 


Editor-in-Chief, Dr. Helen Hart, their appreciation of her 
many responsibilities and constructive work over the past 
eight years. 

Representatives, Standing Committees, 
mittees and Temporary Committees 
appointed as presented above. 


Com- 
and 


Special 


were approved 


Interim and Ad Hoe Appointments. Committee 
on Local Arrangements for the Cincinnati Meeting, C. C. 
Allison, Chm.; Stephen Diachun, C. W. Ellett, Thor Kom- 
medahl, J. R. Shay, R. U. Swingle, J. D. Wilson and H. 
F. Winter. 


ANNUAL 
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Rules Regarding Abstracts. The following recom- 
mendations of the Council on revised rules for abstracts 
of papers to be presented at the Annual Meeting were 
adopted by the Society. 

“Three typewritten copies of each abstract of a paper 
to be presented at the annual meeting must be submitted 
to the Secretary on or before the closing date specified in 
the Preliminary Announcement. This date shall be set by 
the Secretary and when possible shall be 60 days prior to 
the annual meeting. The Secretary shall return to the 
authors all abstracts received after the closing date.” 

“At least one author of each paper must be a member 
of the Society. An author cannot appear on more than 
two papers.” 

“The abstracts must be in clear, concise English and 
contain no tabular data. The text must not exceed 200 
words in length. Only unpublished information may be 
included. Reports of progress, or of disease occurrence, 
or of routine tests, or of ordinary control measures are 
not desired unless new and significant developments are 
clearly indicated.” 

“The abstracts shall be subject to final acceptance and 
editing by a reviewing committee appointed by the Editor- 
in-Chief. Accepted abstracts will be published in PHY- 
TOPATHOLOGY at the expense of the Society, provided 
that not more than two abstracts under the sole or joint 
authorship of one member, that are presented at the 
meetings of the Society or the Divisions, shall be pub- 
lished at the Society’s expense within one calendar year.” 

“All copies of the abstract must have the following 
information (1) title of paper, (2) name, address, affilia- 
tion and membership status of each author, (3) sectional 
preference, (4) time required for presentation (maximum 
15 minutes), (5) projection equipment required, including 
slide size.” 

“Abstracts of papers invited by the Program Commit- 
tee, or submitted to other societies for inclusion in joint 
programs will be published in PHYTOPATHOLOGY pro- 
vided they meet the above requirements, except that the 
rules regarding unpublished data and membership in the 
Society will be waived.” 


The Society approved the following recommen- 
dations by the Council: 

1. Accepted the reports of Representatives, Standing 
Committees and Special and Temporary Committees. 

2. Reappointed L. J. Alexander Advertising Manager 
of PHYTOPATHOLOGY for a term of 1 year and com- 
mended him for his fine work. 

3. Requested members of the Society to submit perti- 
nent news items to the Editor of the News. 

1. Discontinued representation on the National Con- 
ference of Non-governmental Organizations on Food and 
Agriculture Organization in accordance with the advice of 
Lefebvre. 

5. Recommended that the American Type Culture 
Collection contact the Microbiological Institute of Rutgers 
University with respect to assistance, and to call upon the 
officers of the Society for support in this undertaking. 


representative C. L. 


6. Instructed the Committee on Donations and Legacies 
to examine the needs of especially deserving members 
abroad with a view to contributing a few complimentary 
subscriptions to PHYTOPATHOLOGY, and to re-examine 
these cases annually. 

7. Instructed the Committee on International Coopera- 
tion to give a careful study to the International Commis- 
sion on Plant Disease Losses. 

8. Expressed the gratitude of the Society to retiring 
chairman R. S. Kirby for his fine work on the Placement 
Committee. 
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Nomen 


common 


tee on 


9. Authorized the Commi! fungicide 
clature to expend up to $15.00 to register each 
name, and to search the Patent Office with regard to trade 
marked names. 

10. Instructed the Secretary to 


of “Agricultural Chemicals” for « 


+] ! 


ink 


the 


omplimentary 


management 
insertion 


of the notice from the Membership Committee which re- 


sulted in many new members. 


11. Appointed a Special Committee to organize th 
Annual Fungicide Colloquium. 

12. Elevated the Temporary Committee on the Pub 
lication of Special Material to a Special Committee and 
further charged that they give consideration to the prepa 
ration and publication of a History of Plant Pathology in 
the United States, including a study of the form of pub 
lication, the selection of an editor, and costs. 

13. Thanked the Temporary Committee on Spray 
Tolerance for their timely work and presentation of data 


at Washington and in accordance with their recommenda- 
tion hereby discharged them. 

14. A ppointed a Temporary Committee to ascertain 
the opinion of the members of the Society regarding a 
new and simpler name for the Society. Said committee 
is to report to the Council by May 15, 1952. 

15. Appointed a Temporary Committee to consider 
Symposia programs for future meetings. 

16. Informed the Editorial Board that the Society ap 
proves rescinding the long-standing policy of accepting 
for publication only those papers and abstracts concerned 
with original experimental data. 

17. Authorized the policy of encouraging those institu- 
tions which support researe h to issist in de traving cosi ot 
publication of papers in PHYTOPATHOLOGY to an ex- 
tent not to exceed 40 per cent of the total, that the most 
practical method of initiating this policy is to increase 


the cost of reprints to research institutions by a schedule to 


Manager, 


be developed by the Business ind directed the 
Business Manager to inform directors of Agricultural Ex 
periment Stations and Research Institutions and _ other 
Societies of this plan. 

18. Accepted into Annual Membership all 125 ap 
plicants. 

19. Authorized the S iry to accept into Annual 


innual meeting 
} 


peen 


Membership all applicants prior 
who are duly sponsored and whose dues have 
subject to final approval by the So 


paid, 


PHYTOPATHOLOCY 


(Vol. 42 


20. Designated Dr. Rene Pomerleau, Society repre- 
sentative at the Centennial Celebration of Laval University, 
Quebec, in 1952. 

21. Authorized that the motion passed last year, but 
inadvertently omitted from publication in PHYTOPATH. 
OLOGY, be reaffirmed to the effect that members delin- 
quent in their dues will be dropped from membership on 
December 3lst. 

22. Approved the following RESOLUTION offered by 
the Committee on Plant Disease Prevention: 

WHEREAS, a plant pathologist has been designated 
leader of the plant disease survey work in each State; and 

WHEREAS, a State livestock sanitary official and an 
entomologist likewise have been designated in each State 
with respect to their fields of activity; and 

WHEREAS, each State Civil Defense 
need of professional services in these fields; 

BE IT RESOLVED, that The American Phytopatho. 
logical Society the State Civil Defense Directors to 
appoint these designated leaders in appropriate capacity 
that the Federal Civil Defense Administration lend its 
support to the State Directors in this regard. 

Authorized the Council to prepare and the Secre- 
a resolution to the Chairman of the Select 
Committee to Investigate the Use of Chemicals in Food 
Products, House of Representatives, concerning the neces- 


Director has 


therefore 
urge 
and 

) 


) 
«vw. 


tary to submit 


sity for a revision of laws governing the use of chemicals in 
the production and processing of food. 

24. Approved that the 1952 Annual Meeting be held 
in conjunction with the American Institute of Biological 
Sciences at Cornell University, Ithaca, N. Y., on September 
8-10, that the 1953 Meeting also be held with the AIBS 
it the University of Wisconsin, Madison, Wisconsin, Sep- 


tember 7-10, and that the 1954 Meeting tentatively be set 

for San Francisco, California, the date to be set later. 
Interim Action by the New Council. The New 

Council, with President McNew, met on December 12 and 


t the following action: 


| 
OOK 


Temporary Committee Industrial 


i. \ppointed a 
Relationship. 


on 


Kent 
1952 Ithaca, 
for the 


Chairman of Committee on 
New York, meet- 
1953. Madison, 


2. Appointed G. C, 
Local Arrangements for the 
ng and E. W. Hanson 
Wisconsin, 


Chairman 


meeting, 


A. McCarran, Secretary 
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